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OAS IN EVAPORATED MILK DUE TO A STREPTOCOCCUS 
By B. W. HAMMER 
From the Laboratory of Dairy Bacteriology, Iowa State College. 
Received for publication August 15, 1927. 
The organisms causing bacterial changes in canned evaporated milk 
are often easily isolated because of their presence in the spoiled material in 
pure culture. The usual absence of other organisms is due to the fact that 
the heat to which the milk is subjected destroys all except the more resist-
ant typ.es so that unimportant but confusing species are not present as they 
commonly are in raw milk or cream which ha;s undergone some abnol'jIIlal 
change. Spoilage in evaporated milk may involve all or a large portion 
of a given batch or only an occasional can. The present report deals with 
a change of the latter type in which the evaporated milk showed gas forma-
tion as a result of the growth in impure culture of an organism that was 
easily destroyed by heat. 
HISTORY OF ABNORMAL MILK 
The can of milk showing the aJbnormal condition was received from a 
condensery that had encountered comparatively little spoiled milk, and 
was of special interest because it came from a batch with which there was 
only a v~ry small :8JII10unt of spoilage. There was no suggestion of an exten-
sive gas formation and the can showed only a medium amount of bulging 
at the ends, although it was received through the mail and was held in the 
laboratory for several days so that there was a good opportunity for bac-
terial growth. The milk ·showed no coagulation; the odor and flavor were 
somewhat aibnormal but not particularly objectiona:ble. 
EXPERIMENTAL 
Isolation of ca.nsati,ve organism. The can was opened by treating a 
small area with concentrated HCl, driving this off after a few minutes with 
a flame and then puncturing in the treated area with a large nail that had 
been thoroughly flamed. When the tin was broken the escape of gas was 
very evident. 
Plate and slope cultures were prepared with both standard and beef 
infusion agars, using room temperature and 37° C. for incubation. The 
plates .at .either temperature soon showed two types of colonies which were 
quite easily distinguished because one was more raised and JillOre opaque 
than the other. The organisms forming the opaque colonies were gram 
positive cocci, while those forming the other type were gram negative rods. 
The slope cultures a:lso readily showed these two types when stained mounts 
were prepar·ed. There seemed to be no difference between the standard 
and beef infusion agars in the suita:bility for growth of the organisms. 
The organisms were tried out for their ability to produce gas in evapo-
rated milk by opening a can under aseptic conditions, inoculating and then 
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sealing with solder. Trials showed that the cocci regularly produced gas, 
while the rods did not. The gas produced by the cocci resulted in a defi-
nite bulging of the cans at the ends, but never in the bursting of a can. 
Microscopic preparations of the cultures of cocci suggested that they 
were not pure because there were both chains and very definite clumps 
of organis1Il1'1; an unusual variation in the size of the cells was likewise 
evident. Cans of evaporated m1lk which had boon inoculated with some 
of the original coccus cultures were plated out, and, after incubation for 
several days at room temperature, the plates show,ed two types of colonies, 
a large opaque colony comparable to those secured with the original milk 
and a small, slowly developing colony; the former was a micrococcus and 
1Jhe latter, which was much more numerous, was a streptococcus. A series 
of inoculation experiments was then carried out using the micrococcus 
alone, the streptococcus alone, and 1Jhe two in combination and showed that 
the streptococcus was responsible for the gas formation in the evaporated 
milk, since this organism either alone or in combination with the micro-
coccus regularly caused a bulging of the inoculated cans, while the micro-
coccus alone did not. It seems probable that coloni·es of the streptococcus 
were missed in the plates poured with the original milk because of their 
slow development and that the streptococci commonly contaminated the 
micrococcus colonies, due to the much greater numbers of the former. 
Production of gas in evaporated milk. Gas was regularly produced in 
evaporated milk at both 37° C. and room temperature by inoculating the 
streptococcus ·either alone or in combination with the micrococcus. At 37° 
C. a bulgiing of an inocula.ted can was usua:lly evident in from 36 to 48 
hours, while at room temperature about 72 hours were commonly r.equired. 
T.he presence .of the micrococcus seemed to have no definite influence on the 
gas production of the streptococcus. 
When a can showing definite bulging, as a result of a recent inoculation 
with the streptococcus, was shaken the swelling se~ed to become more 
pronounced, presumably due to a liberation of the gas. In none of the 
inoculation experiments was the pressure developed sufficient to cause the 
bursting of a can. On opening a bulged can there was a defiruite esc;ape of 
gas and often a small quantity of milk was forced out. In some instances, 
especially with recent inoculations, the fermented milk foamed slowly 
through the opening in the tin for considerable periods in quite the way 
typical foamy cream leaves a container. 
Other changes produced in evaporated milk. Cans of .milk which had 
been fermented by the streptococcus showed a definitely acid odor and a 
taste that was both sour and slightly bitter. The odor and taste were never 
very objectionable even after long holding periods at temperatures favor-
able for growth. The acidities . developed in evaporaited milk were com-
monly between 0.7 and 0.8%, usually about 0.75%, calculated as lactic 
acid, while the acidities of the uninoculated checks were about 0.45%. A 
definite coagulation of the inoculated evaporated milk was never observed, 
although a small amount of curd was sometimes noted along the walls of 
the cans. · 
Organisms in inoculated evaporated milk. Evaiporated milk in which 
the streptococC\lS had grown contained surprisingly large numbers of organ-
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isms. Stained mounts made within a short time following inoculation and 
incubatiPn at a favorable temperatpre showed numbers of cells quite like 
the numbers present in starters; the organisms were arranged in pairs and 
short chains, the longest chains observed having from 15 to 20 cells per 
chain. In milk that had been inoculated longer, the nu,mber of gram posi-
tive cells seemed to be less and the individual cells appeared smaller, prob-
a:bly due to a dying out and partial autolysis of the organisms. Plate 
counts made •on recently inoculated milk using the standard agar for milk 
analysis and an incubation of from 5 to 6 days at room temperature showed 
large numbers of organisms; some of the typical results are as follows: 
CONDITIONS OF HOLDING EVAPORATED MILK 
Temperature Time Bacteria per c.c. 
37 ° C . ......................... ..... 2 days...... . ................... ... 810,000,000 
37° C. .. .................. .. ........ 2 days.. .......... .. ...... ...... .. .. 670,000,000 
37° C . ............................. . 8 days .............................. 1,540,000,000 
The plate counts, like the microscopic preparations, suggested that the 
organisms died out fairly soon in cans of evaporated milk, since with the 
milk inoculated for some time the numbers of colonies developing on stand-
ard agar plates were much S(IIlaller than the counts given above. 
When the streptococcus was inoculated in combination with the micra-
coccus, ·the fermented milk on examination by the plate method showed 
much larger numbers of the former organism than of the latter. The same 
relationship was suggested by the microscopic prepairations ,made, although 
there was always the possibility that with this method the two types were 
not accurately distinguished. 
Gas production in ordinary milk in tubes. The streptococcus respon-
sible for the gas production in evaporated milk did not show the definite 
gassy condition in tubes of plain or litmus milk that a typical gas fo1ming 
organism does and the usual observations on tubes of milk gave no indica-
tion of gas. However, the development of gas in ordinary milk was shown 
by sealing freshly inoculated tubes of ,Inilk with a mixture of paraffin and 
vaseline (about 1 to 2 by weight); in such trials a small amount of gas 
ordinarily develvped just beneath the seal, while the uninoculatcd checlc 
and cultures of the mic.rococcus ·showed no such development. The gas pro-
duced was, however, surprisingly small in amount and this proba;bly ex-
plains why the gas cannot be detected without sealing the milk in which 
the organism grows. 
Characters of the causative organism. In studying the causative organ-
ism from the standpoint of characters that ,might be important in its de- · 
scription and identification, considerable volati:le acid production in milk 
was noted. Tests were accordingly made to determine the effect of added 
citric acid on the volatile acid production so that any relationship to the 
citric acid fermenting streptococci might be detected. The volatile acidity 
was deterinined in milk alone and, for comparison, in milk from the same 
lot to which sterile citric acid ·solution (equivalent to 0.2% crystallized 
citric acid) had been added at the time of inoculation; the incubation was 
seven days at room temperature. The following representative data show 
the general trend of the results: 
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Volatile acidity* 
in milk alone 
Volatile acidity* 
in milk plus 
citric acid 
Culture 1 --- ------ ---------·--------·-----·-·--20.6 ________ _____ __________ __________ _____ 22.5 
Culture 2 ---·-- ------------- ------------ -- ---- -21-4 _____________________________________ _ 21 .7 
When a larger percent of citric acid was added to the milk the volatile acid 
production was greatly decreased, due presumably to a suppression of the 
organism by the acid. Trials made at the same time with cultures of 
S. paracitrovorus showed the usual pronounced increase in the volatile 
acidity when citric acid was added to the milk. A number of comparisons 
of the volatile acid production of the isolated organism with and without 
added lactic acid were also made, using 1 c.c. of sterile lactic acid U. S. 'p. 
VIII for 325 c.c. <>f milk; representative results are as follows: 
Voiatile acidity 
in milk alone 
Volatile acidity 
in milk plus 
citric acid 
Culture 1 ----·----------------·---- ---- ----- ---23.8 ______ __ _______ __ _______________ ______ 15.2 
Culture 2 ---·- --- ·--- -------- --------------- ---17.9 ______ __ ____ ___ __ ______ _____ _______ ___ 14.7 
From the results presented it seems evident that neither citric fl.Or 
lactic acids are the source of the volatile acid formed and accordingly that 
the streptococcus isolated does not produce volatile acid from the materials 
used by S. citrovorus and S. paracitrovorus. 
Production of gas in evaporated milk by S. citrovorus and S. paracitro-
vorus. Because the causative organism produced considerable volatile acid 
resembling S. citrovorus and S. paracitrovorus in this respect, trials were 
carried ·out to determine whether or not the latter types would produce a 
swelling of cans of evaporated milk into which they were inoculated. 
S. citrovorus was tried at room temperature <>nly and S. paracitrovorus 
at room temperature and also at 37° C.; with both organisms the attempts 
were successful with all of the considerable numbers of cultures tried. 
The time required for a bulging of the cans was essentially the same as the 
timo required by the organism isolated from the spoiled evaporated milk. 
When a small hole was punched in one of the cans after S. citrovorus had 
grown in it, considerable gas escaped; no coagulation of the milk was 
noted. When the cans inoculated with S. pa-racitrovorus were punctured, 
there was a very vigorous -escape of gas and the milk, which was usually 
curdled, was sometimes thrown for several feet. Only one -of the cans in-
oculated with S. citrovorus or S. pa.racitrovorns was blown open and this 
occurred with S. paracitrovorns at 37° C.; the time r-equired was 54 days. 
*The method of determining the volatile acidity was that repeatedly used by 
this station. See Ia. Agr. Expt. Sta. Res. Bul. 63. The figures given are the c.c. of 
n / 10 NaOH required to neutralize the first liter of distillate secured when 250 
gms. of the fermented milk were distilled with steam aj_ter the addition of 15 c.c. 
of n / l H 1 801, 
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DESCRIPTION OF THE ORGANISM, STREPTOCOCCUS DISTENDENS SP. NOV. 
The orgMJ.ism is believed to be an undescribed species and the name 
Streptococcus distendens is proposed for it. A description follows: 
MORPHOLOGY: 
Form: The organism was spherical; the elongation of the cells commonly 
noted with streptococci was not as evident as it is with the usual S. lactis 
cultures. 
Size: The diameters of the cells varied from about 0.7 to about 0.9 microns. 
Arrangement: The organisms appeared singly, in pairs, and in short chains; 
the longest chains observed were made up of from 15 to 20 cells each. There 
seemed to be slightly more chain formation in milk than · on agar. 
M ot-ility: There was no evidence of motility in hanging drop preparations, 
even when young vigorous bouillon cultures were studied. 
Staining reaction: The organism stained readily with the usual stains. 
It was gram positive, although negative cells were common. 
Spore formation: Nothing resembling spores was seen in microscopic pre-
parations. In trials in which the organism was heated: in milk, it was de-
stroyed by 60° C. for 15 minutes. 
CULTURAL CHARACTERISTICS: 
Beef extract agar slope: Growth was usually evident after 24 hours at 
room temperature as tiny distinct colonies. These later grew together, but 
the growth always remained small in amount. It was white, smooth edged, 
only very slightly raised and non-viscous. 
Whey agar slope: Growth was essentially the same as on a beef extract 
agar slope. 
Beet extract agar stab: Growth was usually evident after 24 hours at room 
temperature and increased somewhat with age. The fully developed colonies 
were small, fiat, white, smooth edged a~d non-viscous. 
Agar colony: The colonies were usually evident after 24 hours at room tem-
perature and increased somewhat with i.ige. The fully developed colonies 
were small, fiat, white, smooth edged and non-viscous. 
Whey gelatin stab: A white uniform growth occurred along the entire line 
of inoculation but there was no surface growth. Liquefaction did not occur 
even after one month at 21 ° C. 
Bouillons: Bouillon cultures showed a turbidity and sediment with no pel-
licle or ring at the surface. Growth was heavier in bouillons containing 
additions which the organism could ferment than in plain bouillon. 
Potato: No growth was observed. 
Dunham's sol: The organism prpduced a slight turbidity and sediment with 
no evidence of a pellicle or ring at the surface. 
Uschinsky's sol: No growth was observed. 
Litmus milk: Litmus milk was slowly reddened and later there was some 
reduction in the bottoms of the tubes. Coagulation was never observed. 
BIO-CHEMICAL FEATURES: 
Gas production: A small amount of gas was produced in evaporated milk 
and also in normal milk. 
Oxygen relation: The organism was facultative. 
Indol production: Indol was ncit,detected. 
Reaction change: Acid was produced in evaporated milk and a small amount 
in normal milk. Acid was also produced in bouillon containing fructose, 
galactose, glucose, maltose or sucrose and to a less extent in bouillon con-
taining mannitol, lactose, salicin or inulin. There was no acid with gly-
cerol, dulcitol, or raffinose. 
Volatile acid production: Considerable volatile acid was produced in milk 
but the amount was not increased by adding either citric or lactic acids. 
' 
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DISCUSSION OF RESULTS 
The development of gas in evaporated milk by typical streptococci 
seems rather surprising because of the general characters of these organ-
isms. However, Savage and Hunwicke1 have reported both diplococci and 
streptococci as the cause of gas formation in the evaporated milk studied 
by them. The typical outbreaks of gas production in evapo:riated milk are 
most commonly due to anaerobic spore-formers that are, of course, quite 
r.esistant to heat and only occasional cans of gassy evaporated milk are 
encountered in which the causative organism is not resistant; it seems that 
these forms would have been destroyed if they had been subjected to any 
attempt at sterilization and accordingly it is often assumed that they get 
into the milk after the heatin:g through some defect in the tin. 
The organism isolated apparently does not produce the large amount 
of gas in evaporated milk that certain organisms do since the cans were 
never broken. In milk that had not been concentrated a comparatively 
small amount of gas was l:ikewise produced and. this was detected only by 
the. use of a seal. It is probaible that if the organism had not been isolated 
from gassy material, it.s gas production would not have been noted. This 
suggest.s that inoculation into cans of evaporated milk followed by proper 
sealing may be a useful method of determining gas formation in this mate-
dal by organisms producing only small amounts ·Of gas. Such a procedure 
showed gas formation with S. citrovorus and S. paracitrovorus, two organ-
isms whooe gas formation is not usually very evident. 
The low resistance of the organism to heat indicates that it will never 
be of importance in evaporated milk and will probably be the cause of spoil-
age in only an occasional can when contamination occurs through some de-
fect in the tin. It is of interest ~n this connection to note that milk from 
which the gas former was. isolated also contaii.ned other non-spore forming 
. ' 
orgamsms. 
ConsideraJble volatile acid was produced in milk by the causative or-
ganism but this apparently did not come from citric acid or lactic acid and 
the organism accordingly is not closely related to S. citrovorus or S. para-
citrovorus as the volatile acidity developed in milk might suggest. The pro-
duction of volatile acid from sources other than the sources used by 
S. paracitrovorus shows the importance of knowing rather definitely what 
materials are being fermented to produce volatile acid and also the danger 
of assuming that two streptococci are the same simply because they have 
the same general characters and both produce considerable volatile acid. 
It has not been possible to descnibe the organism so that it can be 
identified with any degree of certainty, although the production of volatile 
acid from some source other than citric or lactic acids is of interest in this 
connection. There is a probabi1ity that it is the same as one of the organ-
isms studied by Savage and Hunwicke, but this can not be definitely estab-
lished. The organism is believed to be a new species and the name 
Streptococcus distendcns is accordingly proposed for it, although it is ap-
preciated that descriptions based on cultures from only one source are not 
entirely satisfactory and can not show the variations that are to be expected 
within the species. 
'Savage, W. F., and Hunwicke, R. F ., Studies in unsweetened condensed milk. 
Food Insp. Bd. London. Spec. Rept. 13. 1923. 
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SUMMARY 
A can of evaporated milk which had developed some bulging was 
studied and the abnormal condition found to be due to a streptococcus. 
The milk came from a batch showing very Little spoilage and since other 
non-spore fo11ming organisms were present in the milk it seems probable 
that there was contamination after sterilization through some defect in 
the tin. 
The outstanding character noted with the streptococcus is the pro-
duction of considerable volatile acid which apparently does not come from 
citric or lactic acids. The organism is beEeved to be a new species and 
the designation Streptococcus distendens has been suggested for it. 

INHERITANCE OF CHEMICAL CHARACTE~S IN MAIZE 
E. W. LINDSTROM and FISK GERHARDT1 
Received for publication July 6, 1927. 
In a former report (Lindstrom and Gerhardt 1926) there was given 
a discussion of the inheritance of total sugars, dextrin, starch and fat in 
the seed arising fr~ crosses of sweet and dent corn. After this work was 
done, it seemed advisable to consider other chemical characters that might 
differentiate these types of maize, particularly since excellent genetic mate-
rial was readily available. Accordingly chemical analyses of pentose, nitro-
gen and ash were included along with those of total sugars, dextrin, starch 
and fat. , , . ~ i 1 , 
Methods similar to those noted in the previous report were used with 
respect to handling the material from the genetic standpoint. The material 
consisted of the P 11 F 1 , F 2 and backcross generations of a cross of Illinois 
High Fat2 (w.hite dent corn) by Evergreen sweet corn. The hybridization 
work was all controlled by careful hand-pollination methods. The parental 
varieties were inbred for only one or two years, since this is the only certain 
method of maintaining the varietal characteristics. Intensive or long con-
tinued inbreeding is almost certain to isolate strains differing widely from 
the general average of the parental variety . . Even one or tw.o generations 
of inbreeding have such a tendency, and car.e must be taken in selecting 
representative strains. 
For the chemical analyses tw-0 lots of kernels were used, one compris-
ing the entire kernel ( pericarp, endosperm and embryo), the other with the 
~mbryo removed, leaving only the pericarp and endosperm. In the latter 
group the embryo or germ was carefully dug out of the dry kernel with a 
scalpel, since any soaking process would certainly change the chemical 
constituents of the grain. 
METHOD OF CHEMICAL ANALYSIS 
The air-dry corn samples were ground in an "Enterprise" and 
''Merker'' mill re.spectively until the ground product could be passed 
through a 100 mesh sieve. 
Moisture Determination: A tared sample of the ground tissue was 
dried to constant weight in a Freis electric vacumn oven at 70° C., thus 
permitting a rapid desiccation without the usual losses due to carameliza-
tion at higher temperatures. 
Fat: 'l'he residue from the moisture determination was freed from 
lipoids and soluble pigments by percolation with anhydrous alcohol-free 
ether. The ethereal extract was dried to constant weight in an electric 
oven at 100° C., and expressed as percentage fat. 
Total Sugnrs: After expulsion of the ether the residue of the sample 
was extracted with boiling 90 percent alcohol for one-half hour. The fil-
1A cooperative project between the Genetics and Chemistry Sections of the Iowa 
Agricultural Experiment Station. 
'The original material for the strains of the High Fat corn was obtained from Dr. 
C. M. Woodworth of the University of Illinois. He kindly provided three open 
pollinated ears of this selection showing analyses of 10.15, 1o:st and 10.47 per-
cent fat. 
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tered extract was concentrated for removal of alcohol and made up to 
definite volume. An aliquot was acidulated with HCl to a final concentra-
tion of 2.5 percent and hydrolyzed by refluxing 'On an electric hot plate for 
tW10 hours. After neutralirotion, the hydrolysate was made up to volume. 
Aliquots were clarified by use of neutral lead acetate and freed frC¥fi excess 
lead by the use of sodium carbonate. The sugars present in the clarified 
aliquots were determined by use of the Defren-0 'Sullivan (1896) method 
and expressed as glucose. 
Dextrin: The residue from the sugar extraction was treated with 
10 percent alcohol for thirty minutes at 50° C. for removal of dextrins. 
'l'he concentrated filtrate was made to volume and hydrolyzed by use of 
2.5 percent HCl in the usual manner. The neutralized hydrolysate was 
made to volume. Aliquots were clarified as in deteNilination of total sugars. 
T:he glucose value was obtained by use of the Defren-0 'Sullivan method, 
multiplied by the dextrin equivalent and expressed as percentage dextrin. 
Starch: The residue from the dextrin extraction was b-Oiled with 
150 c.c. of H 20 for one minute. This was done to gelatinize the starch. 
After cooling to 38° C. and digesting with fresh saliva until a negative 
result was obtained with iodine, the filtered solution wa:s hydrolyzed with 
21/2 percent HCl for one and a half hours. The glucose was determined 
by the Defren-0 'Sullivan method, multiplied by the starch equivalent and 
expressed as percentage of starch. 
A sh: A two gram sample wa:s ashed, at a low teµnperature in an elec-
tric furnace, to a constant weight. 
Total Nitrogen Expressed as Protein: The total nitrogen present in 
a two gram sample was determined by the Kjeldahl method multiplied by 
the factor 6.25 and represents total nitrogen expressed as protein. 
Pentose: Two gram samples were distilled with 12 percent HCl ac-
cording to the Official Methods. ( 1920). The furfural phloroglucid value 
was multiplied by the proper equivalent and expressed as percent pentose. 
In the subsequent tables all percentages are calculated on a moisture-
free basis. 
EXPERIMENTAL DATA 
In Table 1 there are arranged the analyses of the eight chemical con-
stituents of the parental types, showing to what extent the Evergreen 
sweet corn differs from the Illinois High Fat dent corn. The differences 
are particularly striking in the carbohydrate characters and to a lesser ex-
tent in the nitrogen, fat and ash charaCters. It is interesting to note that 
the carbohydrate analyses parallel each other in the material from the 
whole kernel as compared with that from the embryo-less grains. This 
merely indicates that the greater share of these carbohydrates resides in the 
endosperm. 
This is not true, however, of the nitrogen and fat determinations. Here 
there is a reversal in the two lots since in the whole-kernel lot the dent corn 
contains the higher percentages of nitrogen and fat, whereas in the germ-
less .material the sweet corn has the greater amounts. The obvious explana-
tion is that the embryo is the place where these constituents (fat and nitro-
gen) exist in the greatest amount. It is also well known that the Illinois 
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TABLE I. SHOWING DIFFERENCES IN CHEMICAL CHARACTERS 
BETWEEN THE PARENTAL STRAINS. 
Percentages on moisture free basis. 
Whole kernel Embryo removed 
Average of three One sample from 
selfed ears selfed ear 
11 
Dent (HF) / Sweet Dent (HF) j Sweet 
(Evergreen) (Evergreen) 
Total sugar s ...... ----· ············-·········· 2.3 5.0 0.8 5.0 
Dextrin .................. ...... ................. ... 1.9 24.5 2.5 31.1 
Starch .............................................. 56.6 27.9 69.2 36.6 
Pentose ................ ............................ 6.7 10.2 4.9 9.0 
Protein ___ ____ .. __ _____ ............................ 14.3 11.2 9.2 12.1 
Fat --- --- -······ .. ····-···.............. ............... 9.4 8.0 0.9 1.7 
Ash .................................................. 1.6 1.8 1.6 1.7 
Moisture' ..... ................................... ! 6.6 5.5 8.9 6.8 
'Determinations on the air-dried material. 
High Fat selections or strains are high in this constituent, primarily be-
cause of the relatively larger size of the embryo, which has been increased 
by a long period of selection for high fat percentage. Ordinarily sweet 
corns possess a higher fat value than dent corns, which is perhaps directly 
traceable to the fact that the sweet corn endosperm, being much lighter in 
weight than the dent type of endosperm, permits the embryo with its hlgh 
fat content to bulk larger in proportion. When the germ is removed from 
the sweet corn, however, there is still a higher percentage of fat than in the 
germ-less dent kernels. Either the endosperm of sweet corn naturally 
carries a higher fat content, or what is equally likely, this type of endo-
sperm absorbs more of the fat from the adjacent embryo. 
TOTAL SUGARS, DEXTRIN AND STARCH 
The hybrid generations arising from the Evergreen-High Fat crosses 
have been arranged in Table 2, where the main carbohydrate characters 
(total sugars, dextrin and starch) that differentiate sweet and dent corn 
are being considered. ThP, ca:rbohydra te index (CI) in this table is used 
to express the ratio of the water...soluble constituents (total sugars plus dex-
trin) to the water-insoluble form, starch. Apparently these three forms 
of carbohydrates in maize are intern.·elated since there is a decided tendency 
for the kernels to carry a similar, total carbohydrate makeup whether it 
be high or low in sugar, dextrin or starch. In other words, a low sugar 
content is in general balanced by a high starch content and vice versa. 
There is a good parallelism between the analyses from the whole ker-
nels and from the embryo-less grains, indicating that the endosperm tissue 
carries the major share of these carbohydrates. Accordingly there is no 
need of discussing the two types of analyses in Table 2 separately. 
From the phenotypic viewpoint, it is of course well established that 
dent and sweet corn differ in a single pair of genetic factors (Su su)1. The 
'For f!implicity, the biliteral symbol Su has been replaced by the single letter S, 
representing the starchy gene or factor the allelomorph of s, the common 
sugary gene. 
TABLE 2. CARBOHYDRATE PERCENTAGES IN PARENTAL, F,, F, AND BACKCROSS GENOTYPES OF THE KERNEL. 
Moisture-free basis. 
Endosperm / No \ 
genotype Samp°ies 
Embryo removed Whole kernel 
I No. / CI CI Total I Dextrin \ · Starch Sugar Total I Dextrin I Starch Sugar 
High Fat SSS 3 2.3 1.9 56.6 .07 1 0.8 2.5 69.2 .05 
Evergreen SSS 3 4.9 24.5 27.9 1.01 1 5.0 31.1 36.6 .99 
Fi (HF x E) SSs 4 2.7 2.1 53.6 .09 2 2.4 2.3 63.7 .07 
Fi Ex HF) ssS 1 3.6 1.7 56.1 .09 
F, x E SSs 4 1.8 1.6 57.5 .06 1 0.6 2.0 74.6 .03 
SSS 3 5.3 25.7 23.1 1.34 1 3.2 38.5 30.0 1.39 
Ex F, ssS 3 2.2 2.2 55.8 .08 1 0.7 3.9 70.4 .06 
SSS 2 4.5 25.9 27.1 1.12 1 3.3 31.9 35.6 .99 
F, s 4 2.3 2.7 57.5 .09 1 0.8 3.3 65.4 .06 
SSS 3 5.3 29.1 21.6 1.59 1 3.9 27.0 38.6 .80 
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F 1 generation of a dent-sweet corn cross shows the dominant starchy ker-
nel. The F 2 hybrid seed generation (borne on the F 1 plants) exhibits the 
cleancut segregation of the two kernel types on the same ear (75 percent 
starchy and 25 percent sweet -0r wrinkled). The backcross generation 
(F1 x sweet corn), made reciprocally, consists of a 50 :50 ratio of these 
kernel types on the same ear. The fact that two phenotypes appear on the 
same ear provides ideal conditions for elimiating, to a high degree, any 
environmental influences, thus making genetic differences oosily demon-
strable. 
It may also be recalled that, due to the phenomenon of triple fusion 
of the nuclei in the fertilization of the maize seed, the endospellffi may con-
sist of any one of the following genotypes : 
SSS-three starchy factors from both parents 
SSs-two starchy from female and one sugary from male parent 
ssS-two sugary from female and one starchy from male parent 
sss-Three sugary factors from both parents 
The above genotypes also may well represent an ordinary F 2 generation 
of a sweet-dent cross, giving the phenotypic ratio of 3 starchy to 1 sugary. 
The backcross genotypes of the reciprocal backcrosses of the F 1 hybrids to 
the recessive sweet corn would be as follows: 
FiSS x ss<! 
Starchy kernels .............. SSs 
Sugary kernels .................. sss 
SS x F 1 Ss<! 
Starchy kernels ................ ssS 
Sugary kernels .................. sss 
All of these various genotypes and phenotypes appear in Ta!ble 2. 
There is some evidence of the cumulative effect of these endosper:rn 
factors when taken as a whole. True, there are some minor exceptions, 
but from previous experience with the chemical analyses, particularly 
those based on a few samples, these unexplained deviations are undoubtedly 
traceable to variations in the technique of present carbohydrate analysis 
as well as to fluctuations in the material. 
Taking the carbohydrate indices from Table 2, the cumulative effect 
;may be illustrated as follows : 
Endosperm genotype Whole kernel Embryo removed 
SSS ........................................... 07 .... .. .... ...... ............................. 05 
SSs ........................................... 07 .... ...................... ...... ..... ........ 05 
ssS .................................... ......... 09 .. .......... ....... .... ............. ..... .... 06 
SSS .............................. .............. 1.24 ....... ... ..... .... ........... .... .......... 1.04 
Apparently there is no difference between the SSS and SSs genotypes in 
this material, but the influence ·Of the two sugary factors in the ssS geno-
types is felt in the increase of the sugars and dextrins, making for a small 
increase in the carbohydrate index. 
It is worth noting in Twble 2 that the sugar or dextrin content of the 
sweet corn which has been reisolated from dent (F1 ) ancesitry is just as 
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high as that of the pure parental sweet corn. This is clearly shown in the 
carbohydrate indices, the parental (Evergreen) index being 1.01 (in the 
whole-kernel lot) whel'€as the F 2 sweet kernels show ithe higher index of 
1.59 and the backcross sweet kernels have indices of 1.34 and 1.12. From 
this it follows that sweet corn may be crossed with field corn, and from the 
cross can be reisolated sweet corn with a sugar and dextrin content high 
enough for all practical purposes. 
The surprising thing is that these carbohydrates maintain such a con-
stant interrelationship even when upset by radical hybridization methods. 
That they are so well controlled by the simple, Mendelian mechanism of 
genetic factors is evident in the consistent fact that the difference between 
the starchy and sugary segregates in both the F 2 and backcross genera-
tions is in all cases greater than the original parenital difference. This is 
easily observed in a consideration of the carbohydrate indices in the whole-
kernel group, as follows: 
Parental difference in carbohydrate index ... ·-------·--·--··----·-·--·------- .94 
F, difference between starchy and sugary types .. --·· ·---------·---·-----·-1.50 
Backcross dlfference-F, x Evergreen·------------------------···--------------------1.28 · 
Backcross difference- Evergreen x F, --------·· __ ------·---·----····--··--·------1.04 
The differences are less marked in the analyses from the embryo-less kernels, 
but here the number of samples in any one comparison is too small to be 
significant. 
What is true of this carbohydrate index, is equally true of the con-
stituent parts of this index (total sugars, dextrin and starch). These 
greater differences argue strongly for the fact that the carbohydrate de-
velopment in the corn groin is controlled by the single pair of Mendelian 
genes, since any greater genetical complexity would certainly cause a 
smaller difference to accrue in the later hybrid generations from a cross. 
These findings with respect to the inheritance of the carbohydrate char-
acters (total sugars, dextrin and starch) in this material afford a good 
verification for the work reported previously (Lindstrom and Gerhardt, 
1926) on the same chemical characters, but involving different varieties of 
maize. 
FAT 
In Table 3, the chemical analyses for fat and nitrogen are arranged in a 
manner similar to that in the previous table. The same endosperm geno-
types (determined by the genetic factors controlling the carbohydrate situ-
ation) are separated for analysis, and form a convenient method of pre-
senting the data. 
The interesting featur-0 of this table lies in the fact that the parental 
dent corn (Illinois High Fat) of this cross contributed the higher per-
centage of fat. Usually dent types are lower than sweet types in fat. This 
difference in favor of the starchy (dent) type does not persist, however, 
since in later progenies, both F 2 and backcross generations, the recovered 
sweet kernels possess a significantly higher fat value. In fact, the F 2 sweet 
segregates (whole kernel) show an exceedingly high fat percentage, 11.3, 
higher than the original parent, and higher than commercial sweet corn 
varieties. This means that the high fat value of the dent type has been 
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incorporated into the sweet corn, and magnified because of the structure 
and relative endosperm-weight of the sweet CQI'n. 
A summary of the fat percentages according to the endosperm geno-
types is given by the following: 
Whole kernel Embryo removed 
SSS .......................................... 9.4 .............................................. 0.9 
BSs .......................................... 8.0 ...................................... ........ 0.7 
ssS ............................................ 6.4 ............. ............................... .. 0.4 
sss' .......................................... 10.4 .......................... ...... ..... ......... 2.3 
'Does not include the parental sss type. 
°Fro,m previous work, one would expect the SSs and ssS type of kernels 
to be intermediate in value and approximately equal since there should 
be no appreciable cumulative effect of factors for the fat values that are 
based primarily on the embryo arrd its relative size. Any direct influence 
of the carbohydrate factors (particularly since they might change the rela-
tive weight of the endospe1m1) should give an ascending series of fat values 
among the starchy phenotypes (SSS, SSs and ssS) as they progress toward 
the sugary end of the series. The fact that the reverse is true makes it 
seem that the low value for the ssS type is presumably due to the fact that 
in this genotype the maternal plant (Evergreen sweet) upon which the..."€ 
kernels were carried was the less vigorous of the two parents, and this very 
likely would produce a smaller embryo and consequently a lower percentage 
of fat comparativly. 
NITROGEN AS PROTEIN 
The protein percentages in Table 3 show that the sweet corn contributes 
a higher value than does the parental dent corn, there being a difference of 
3.1 percent. In the F 1 hybrids (F1 seed generation) there is a tendency 
for a dominance of high protein which may be associated with the vigor 
of heterosis in the hybrid endosper,m, particularly since such high values 
do not reappear in the later generations. In their work with nitrogen re-
la tions in corn, Pearl and Bartlett (1911) found that the F 1 generation 
(consisting of only one sample and made only in one direction, SSs) 
showed a dominance of the low nitrogen. Also their F 2 analyses were 
High Fat 
Evergreen 
F, (HF x E) 
F1 (E x HF 






































'The same number of samples as were shown in Table 2 are used for each of the 
endosperm genotypes. 
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higher on the average than the F 1 • In the work discussed herein the F 2 
protein values are distinctly lower than those in the F 1 generation. These 
differences may be accounted for on the basis of differential vigor of the 
F 1 and F 2 seeds and plants. 
There is a consi:;tent inclination for the sweet kernels to retain the 
higher protein values, although in none of these classes does the value at-
tain that of the original plant nor are the differences as great as those be-
tween the parents. Presumably nitrogen content is dependent upon more 
than the simple genetic mechanism of the carbohydrate characters, although 
there is some association between carbohydrate and protein values. This 
conclusion does not support the stat{lment of Pearl and Bartlett (1911) 
' ' that nitrogen content appears to behave in inheritance as an independent 
unit character.'' 
PENTOSE 
The parental varieties differed noticeably in pentose content, there 
being a difference of 3.5 percent, the sweet corn possessing the higher value. 
In the embryo-les.s material, the difference was more marked, being 4.1 
percent. The F 1 seed generations exhibit an intermediate condition with a 
tendency toward a slight dominance of low pentose content. (Table 4). 
In the F 2 and backcross generations there is an appreciable segregation 
of high and low pentose values associated with the starchy and sugary ker-
High Fat 
Evergreen 
F, (HF x E) 
F, (E x HF) 




TABLE 4. PENTOSE AND ASH PERCENTAGES. 
Endosperm Whole Embryo Whole I Pentose 
genotype kernel removed \ kernel 
SSS 6.7 4.9 1.5 
SSS 10.2 9.0 1.8 
SSs 7.1 5.3 1.8 
ssS 7.3 1.7 
SSs 7.6 4.9 1.6 
SSS 9.5 7.3 1.9 
ssS 7.1 5.7 1.7 
SSS 8.0 8.3 1.9 
s 6.6 5.9 1.6 













nel types. The differences between these phenotypes are in all cases 
smaller than the original parental difference, indicating that while pentose 
follows closely the simple endosperm factor segregation, it is independent 
of it to some extent. In this respect pentose differs from the total sugar, 
dextrin and starch situation where the differences in F 2 and backcrosses 
were as great or greater than the parental difference. The differences in 
the pentose percentages illustrating this point are as follows: 
Whole kernel 
Parental difference ·-------------------------------------------------------------3.5 
F 2 generation difference (starchy vs. sugary) .............. 1.9 
Backcross difference-F, x E -------- ----------------------------...... 1.9 
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ASH 
The ash percentages given in Table 4 exhibit no marked differences be-
tween parental and progeny endosperms. On the segregating ears of the 
hybrid generations there is a tendency for the ·sweet corn to carry a slightly 
higher ash content in the entire kernel, whereas the reverse is consistently 
true in the germless lot. One may deduce from this that, as far as the 
endosperm (and the pericarp) tissue itself is concerned, the starchy type 
carries a slightly greater amount of inorganic matter than does the sugary 
endosperm when the two types being co,rnpared are borne on the same ear. 
Considering the ash analyses from the entire kernel in Ta.Ible 4, there seems 
to be a distinct although small difference maintained between the starchy 
and sugary types in all of the hybrid generations, a difference that is as 
great as the parental difference and in the same direction (higher ash in the 
sweet corn). This would seem to indicate that ash content is closely asso-
ciated with the carbohydrate segregation, due probably to the chemical 
nature of the seed tissue and not directly to any genetic determination of 
simple genes for ash development. 
SUMMARY 
Chemical analyses for total sugars, dextrin, starch, pentose, fat, nitro-
gen and ash were made on a series of corn kernels from crosses of Ever-
green Sweet by Illinois High Fat (white dent) corn. In one lot, the whole 
kernels were used for analysis, in the other the embryo was removed and 
only the endosperm (plus pericarp) was analyzed. Parental, F 1 , F 2 and 
backcross generation material was analyzed chemically. In most of the 
material, environmental agencies were minimized because two kernel types 
to be compared were grown on the same cob. 
The carbohydrate characters, total sugars, dextrin and starch, in which 
the parental varieties differed markedly, were demonstrated to have a con-
stant interrelationship. A balanced proportion of these endosperm con-
stituents was maintained throughout the various hybrid generations, mak-
ing it certain that this interrelationship was determined by the simple, 
monohybrid, Mendelian mechanism (starchy-sugary genes). A cumulative 
effect of the endosperm genes was demonstrated quantitatively, there being 
a difference between the SSs and ssS endosperm genotypes. 
It was also noted that the recovered sweet corn in F 2 or backcross gen-
erations possessed as high a carbohydrate index (ratio of water-soluble to 
water-insoluble carbohydrates) as did the original, parental sweet corn. 
The sugar and dextrin percentages in these sweet segregates were equally 
as high as those of the parental variety. 
Whereas the parental dent variety (Illinois High Fat) contributed the 
higher fat percentage, there was a distinct reversal of fat values in the F 2 
and backcross generations. In these the sweet corn segregates consistently 
possessed the higher fat value. Not only that, but these sweet corn kernels 
were recovered with a percentage of fat higher in ·all cases than the higher 
parental strain. 
Nitrogen (as protein) showed but small differences in the parental 
and later generations. There was a consistent tendency for the sweet 
corn segregates both in F 2 and backcross generations to retain the higher 
nitrogen content, but in no case was the difference between &tarchy and. 
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sugary kernels in their nitrogen content as great as the parental difference. 
This indicates that nitrogen formation is independent to some extent of the 
major carbohydrate relations. 
While the pentose values of the two parental strains were different, and 
while there was evidence of segregation in pentose content, the differences 
between starchy and sugary kernel types in F 2 and backcross generations 
were not as great as those of the parents. This indicates that pentose, con-
tent, while closely associated with the other carbohydrates, is somewhat in-
dependent of their distribution and their heredity. 
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Many of the commercial washing compounds consist of caustic soda 
as a base, to which is added some other alkali, a,s the carbonate or phosphate 
of soda. It was the purpose of the following experiments to ascertain 
. whether the addition of these milder alkalies, or of neutral salts such as 
sodium and potassium chloride, influences the germicidal efficiency of the 
sodium hydroxide. 
The details of preparation of the test culture and technique of dis-
infection have been previously described .. in a paper on the effect of con-
centration and temperature on the germicidal efficiency of sodium hydrox-
ide. The time required to effect reductions of 99.9% of the exposed bac-
teria was employed as a ha.sis for comparison. 
Preliminary observations showed the following: 
1. That addition of 1.16% NaCl, 1.5% KCl, or 1.07% Na2C02 de-
creased the killing time of 0.5N NaOH at 50° C. 
2. That NaCl KCl, Na2C08 and Na3P04 • 12H20 were but weakly 
germicidal for the test organism showing reductions of less than 30% in 
an hour at 60° C. 
EXPERIMENTAL 
OBSERVATIONS AT 50° C. 
To 100 c.c. of 0.5N sodium hydroxide in a three necked W oulff bottle 
was added the desired quantity of sodium chloride or carbonate (dry salt) 
and the mixture sterilized in the autoclave at 15 lbs. for 15 minutes. After 
cooling, the contents of the bottle were brought to the desired temperature 
in a water bath, inoculated with the test organism and the surviving bac-
teria determined as previously described. 
The results obtained at 50° C. with 0.5N sodium hydroxide to which 
were added various concentrations of sodium chloride or carbonate are 
shown in T.able 1 and sununarized in Table 2. The logarithms of the aver-
*These studies were made possible through the establishment of an Industrial 
Fellowship at the Iowa State College by the American Bottlers of Carbonated 
Beverages. 
**Iowa State College Journal of Science, 1: 379-394. 1927. 
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age per cent surviving bacteria plotted against time are shown in Figures 
1 and 2. 
TABLE 1. SHOWING EFFECT OF ADDED SALTS ON SURVIVING BACTERIA 
IN 0.5N SODIUM HYDROXIDE AT 50° C. 
Material 0.5N NaOH 
Expt. No. 82 86 1 91 136 
Date (1926) 8-9 8-12 1 8-13 9-3 
Time in 













Date / (1926) 


























943,ooo I 985,000 
438,000 315,000 
343,000 \ 252,000 
221,000 154,000 
84,000 62,000 
1,500 1 8,750 
1,150 I 650 
200 <100 ~ I 0 0 
Material \ 0.5N NaoH+ 
1.0% Na,CO, 
Expt. No. I 92 I 138 
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93 I 141 
8-13 I 9-3 
I 
I 
Time in J 
· minutes Surviving bacteria in 5 c.c. 
0 971,000 
! 
985,000 971,000 985,000 
10 455,000 336,000 368,000 235,000 
15 290,000 245,000 298,000 195,000 
20 159,000 I 195,000 112,000 116,000 25 45,800 107,000 I 5.950 34,400 
30 1.050 12,300 350 1,750 
35 0 1,400 0 200 
40 0 175 0 0 
45 0 0 0 0 
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TABLE 1. (Continued.) 
0.5N NaOH with 
1% I 2% I 3% I 1% I NaCl NaCl NaCl Na.co, 2% I Na,CO, 
Average % surviving bacteria 
100.0 100.0 100.0 100.0 100.0 
39.2 35.7 33.1 40.5 30.9 
31.0 25.6 22.6 27.4 25.2 
19.6 10.7 2.5 18.3 11.7 
7.61 1.54 / 0.08 7.81 2.06 










It will be observed from Table 2 that the addition of sodium chloride 
or sodium carbonate decreased the killing time of sodium hydroxide and 
that the decrease was proportional to the quantities of added salts. Sodium 
chloride and carbonate were equally effective in this respect. 
The time required to effect a reduction of 99.9 % of the exposed bac-
teria by 2 % sodium hydroxide was 41 minutes. The addition of 1, 2 or 
3% sodium chloride or carbonate reduced the killing time to 34.1 minutes, 
29.9 minutes and 25.3 minutes, corresponding to reductions of 16.8%, 
27.0% and 38.3%, respectively. · 
No significant change was observed in the H +ion concentration of 
2.0 % sodium hydroxide on addition of 1 to 3 % of the chloride or car-
bonate. 
TABLE 2. EFFECT OF CONCENTRATION OF ADDED SALTS ON KILLING 







Killing times for Sodium 
Hydroxide with 





OBSERVATIONS AT 60° c. 
The technique was identical with that previously described. The con-
centration of sodium hydroxide employed at 60° was 0.25N (or 1.0% ), 
and sodium chloride, carbonate or phosphate were each added in concentra-
tions of 1.0, 2.0, and 3.0% . 
The results are detailed in Table 3, summarized in Table 4, and shown 
graphically in Figures 3, 4, and 5. · 
It is evident that the addition of the chloride, carbonate or phosphate 
distinctly decreased the killing times. The influence of sodium chloride 
and carbonate was approxmately the same, while the phosphate was less 
efficient. Thus, on the addition of 1.0% NaCl, Na2C0 3, or Na3P04 12H20 
(1.0 gram per 100 c.c. NaOH) to 1.0% NaOH, a killing time of 42.5 min-
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TABLE 3. EFFECT, -QF ADDED SALTS ON SURVIVING BACTERIA IN 0 .25N SODIUM HYDROXIDE AT 60° c. 
. " 
Material • 0.25N ~aOH 
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TABLE 3. (Continued.) 
I 
II 0.25 N 
\raOH + 0.25N"?5&.0H + 0.25N NaOH + 0.25N NaOH + 0.25N NaOH + 2.0% 0.25N NaOH + 
Material I i.0% . rra.co. 2.03 Na,co. 3.03 Na,co. 1.0% Na1PO, Na1PO, 3.0% Na1PO, I i ~E_x_pt_._N_o_.~l~ll~J-·_· ~f~128 ~ll:--_11_3~-'---1_3_1-;cll;--_11_5~17-_1_3_4-.;.1~1~12_1~-o---1-2_9-.;.IJ;...-_1_32~~11:--_12_2~-i--~1-3_5~ 
Date ( 1926) / ~j~ .= • / 8-31 ! I 8-23 8-31 U 8-23 / 8-31 11 8-27 8-31 11 8-31 I/ 
-.T~i-m_e_i~n~~I -=-•. -.~.:,_..~~ ~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~ 
minutes :·:·: Surviving bacteria in 5.0 c.c. 
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TABLE 3. (Continued) 
0.25N NaOH with 
3.0% I I 1.0% I 2.03 I NaCl Na,CO, Na,CO, 3.0% II Na,CO, 
Average % Surviving Bacteria 




11.3 31.9 11.0 6.84 
6.96 ........ 6.72 6.13 
2.44 18.4 4.35 1.92 
0.60 12.6 1.03 1.08 



















































28 MAX LEVINE, J. H. BUCHANAN AND J .H. TOULOUSE 
utes was reduced to 30.6, 29.0, and 34.9 minutes, respectively. These cor-
responded to reductions of 28, 30 and 17 % , respectively, in the time re-
quired to effect a reduction of 99.9% of the exposed bacteria. It should 
be noted that these observations were made on the basis of equal quantities 
of the salts by weight. If equivalent quantities of the chloride, carbonate 
and phosphate were added on the basis of the sodium ion, the phosphate 
would be found to be mor.e effective with respect to reducing the killing 
time. 
Increasing the concentration of the added salts further reduced the 
killing time, but at a decreasing rate. 
In the range around pH13.0 it is extremely difficult to accurately de-
termine the H,. ion concentration. The addition of NaCl, Na2C0 3, and 
Na3P04 , in the quantities employed, to 1.0 or 2.0% NaOH was not found to 
be sufficient to change the H + ion concentration beyond the limits of error 
of our determinations for the hydroxide alone. 
The sodium chloride and carbonate had relatively little germicidal 
effect on the test organism at 60° C. In concentrations of 3 to 5% of these 
salts there were reductions of only 30% in an hour. The sodium phosphate 
alone was not observed at 60° C., but at 70° C. an approximately 1.0% so-
lution required 270 minutes to kill 99.9% of the test organism. Observa-
tions with sodium hydroxide* showed that a decrease of 10° C. increased 
the killing time about 3.5 to 4 times. It is, therefore, evident that the 
phosphate of itself was not efficient at the temperature employed. 
TABLE 4. EFFECT OF CONCENTRATION OF ADDED SALTS ON KILLING 









Killing time in minutes 
Na,PO, 
12 H 20 
o~ o~ o~ 
30.6 29.0 34.9 
23.4 21.9 28.1 
19.9 20.1 24.7 
DISCUSSION 
No adequate explanation of the influence of the added salts is as yet 
demonstrable. It is conceivable that the undisassociatd sodium hydroxide 
rather than the OJI- ion ;may be the agent which penetrates the bacterial 
cell then causing death. Addition of the various salts employed would 
tend to decrease the disassociation of NaOH and thus increase the con-
centration of undissociated NaOH, thereby resulting in an increased germi-
cidal efficiency. 
Another plausible explanation would be that the added salts decrease 
the solubility of the Na.OH, in the water phase of the bacterial suspen-
sion, and consequently the sodium hydroxide is forced into the bacterial 
phase. 
*Iowa State College Journal of Science, 1: 379-394, 1927. 
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The results summarized in Tables 2 and 4 are shown graphically in 
Figure 6, from which the relative effects of addition of NaCl, Na2C03 and 
Na3P04 on the germicidal efficiency of NaOH may readily be ascertained. 
SUMMARY 
1. The addition of sodium chloride, sodium carbonate or tri-sodium 
phosphate to sodium hydroxide markedly decreased the killing times at 
50° and 60° C. 
2. The effects of equal weights of sodium chloride and carbonate were 
approximately the same, whereas, the phosphate was less efficient. 
3. At 60° C. a killing time of 42.5 minutes for 1.0% sodium hydrox-
ide was reduced to 30.6, 29.0 and 34.9 minutes by the addition of 1 % 
sodium chloride, carbonate or phosphate, respectively. In view of the fact 
that the chloride, carbonate and phosphate by themselves exerted but little 
disinfecting action, their presence with the hydroxide served to enhance 
the germicidal efficiency of the latter. 
4. Addition of larger quantities of these salts further decreased the 
killing times of sodium hydroxide, but at a decreasing rate. 
5. It is suggested that the undissociated sodium hydroxide may 
be the agent which penetrates the cell. The addition of the various salts 
would increase the concentration of undissociated sodium hydroxide, or 
possibly decrease the solubility of the hydroxide in the water phase which 
would tend to force it into the bacterial phase of the suspension. In either 
case the effect would be to increase the death rate of the bacteria. 
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One of the most important problems confronting the bottled carbon-
ated beverage industry is the production of a beverage which will not de-
teriorate or spoil even when this product is stored for long periods of time. 
If such a beverage is to be prepared, either (1) the material entering into 
its composition must be sterile and handled aseptically, or (2) conditions 
within the bottle must be such that there will 'be no growth of micro-
organisms which may have been present in any of the materials going to 
make up the finished product. 
Of the 734 samples of spoiled carbonated beverages examined in 
1925-26, 83.3 % were found to contain yeast. In many cases even casual 
examination showed fiocculent sediments which, when examined micro-
scopically, were found to consist principally of yeast cells. 
It was quite evident that yeasts were the primary cause of spoilage. 
Examination of numerous samples of water (both raw and carbonated), 
simple and flavored sirups, and the finished products from establishments 
which were encountering spoilage difficulties, showed that the sirups con-
stituted the primary source of yeast contamination. Experiences with 
our experimental bottling plant indicated that sterilization of sirup-mak-
ing equipment was not sufficient to eliminate yeast spoilage, and attention 
was therefore directed to the raw material--Bugar. 
Accordingly, sterile sample bottles with instructions for proper samp-
ling were sent to 125 representative manufacturers of carbonated bever-
ages in 28 states. These manufacturers had previously expressed a willing-
ness to cooperate on this problem. Of the 132 samples of sugar obtained, 
62 ( 4 7 % ) were found to contain yeast in 5 gram portions.1 
Since the prevalent method for preparing sirup is the cold process, 
conditions are usually suitable for the survival of yeasts which may be 
present in the sugar and their subsequent growth in the finished beverage. 
Owen ·says that the process of refining sugar does not leave the sugar sterile 
and that there are organisms capable of withstanding the temperature 
of the processes and which survive in the form of spores. 
An investigation of the resistance of these ·spores of the species found 
in sugar showed that they could survive a 3 to 4 hour exposure to stream-
•A Thesis submitted in partial fultl.llment of the requirements for the degree, 
Doctor of Philosophy, Iowa State College. 
**These studies were made possible through a Fellowship maintained by the 
American Bottlers of Carbonated Beverages at Iowa State College. 
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ing steam. Owen3 also showed that this sugar when inoculated into sterile 
10% sirup yields gum-forming species of bacteria almost exclusively. 
When grown in 25 % sugar solution, unequal numbers of yeasts and bac-
teria appear with the latter predominating. In 50% sugar solutions, a 
mixed growth of yeasts and bacteria is also obtained, but the yeasts are 
predominating. Owen makes the following statement with regard to less 
highly refined sugars-'' That the sugars used in these experiments were 
not abnormal in respect to their mixed flora of bacteria and yeast appears 
evident from a direct microscopical examination of about 70 samples of 
different qualities of raw sugars, about 40 % of which were found to con-
tain yeast cells.'' Dubourg4 reported a yeast which was still active at a 
concentration of 80% sugar. Owen5 isolated Saccharomyces zopfii from 
heavy sirup and characterized this species by (1) its ability to ferment 
highly concentrated sugar solutions and (2) its resistance to heat. McKel-
vey and associates have shown that yeast cells in the vegetative form 
would die off rather quicltly in sirups of high density, but this does not 
hold true for spores. 6 7 Usually, however, the sirup is not stored for any 
great length of time before it is diluted to make up the flavored sirup, 
which subsequently is diluted rugain upon being bottled. Thus the yeast 
cells or spores which may have been originally present in the dry sugar 
find conditions favorable for germination and growth. 
The acid content and carbon dioxide pressure of carbonated beverages 
are generally effective in keeping bacterial and mold growths to a minimum 
or in eliminating them entirely. As far as these two agents of spoilage 
are concerned, it is usually possible to use enough acid or have a great 
enough carbon dioxide content to prevent them from growing without mak-
ing the beverage objectionable because of its sourness or high carbonation. 
Many spoiled products having a high acidity as well as good carbonation 
have been found to contain yeasts. It seems improbable that the use of as 
great quantities of these acids as is feasible without seriously affecting the 
flavor and taste of the beverage, would completely eliminate this type of 
spoilage. Weldin8 reports that with agar media it took a pH range from 
2.6 or 3.3 to inhibit growth of yeasts while broth media showed that a pH 
range from 2.3 to 2.7 was necessary to inhibit the growth of these same or-
ganisms. The reaction of carbonated beverages is rarely more acid than 
pH 3.0 to 3.5 (after the C0 2 has been removed). Obviously, then, some 
method must be found to eliminate these yeast cells and spores from the 
simple sirup unless the beverage manufacturer wishes to resort to the 
pasteurization of all of his bottled products. 
Siebel0 contends that the original source of yeast contamination is 
from bottles which have not been adequately washed rather than from the 
sugar. Accordingly it was deemed advisable to investigate the reaction of 
yeast spores when subjected to the action of hot alkali solutions at tempera-
tures generally recommended for the washing of bottles. 
The preceding discussion led to the experimental consideration of the 
following topics : 
1. Relation of the time of exposure and temperature in sterilization 
of sirups contaminated with yeast spores. 
2. Relation of the temperature of exposure, concentration of alkali, 
and period of exposure to the death rate of yeast spores. 
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A. Viability in Sirups. 
All of the sirups used in this series of experiments were prepared from 
a highly refined sugar whose normal solution gave a reading of 99.9 in a 
200 mm. tube on a saccharimeter. The moisture content of this sugar was 
0.028%. These sirups were made up on the density basis by using the 
proper amount of distilled water to furnish the density of sirup desired. 
Three densities of sirup were used in this series-24° Baume, 30° Baume, 
and 36° Baume. These are equivalent to specific gravities at 20°0/20°0 
of 1.1984, 1.2609, and 1.3303, respectively. 
The sp.ores were p.repared from cultures of spore-forming yeasts 
whi.ch had been isolated from spoiled carbonated beverages10• A special 
medium of carrot agar was used as this was found to be especially suitable 
for the formation of spores by yeast.1 This carrot calcium sulfate agar 
was prepared by grinding up about four pounds of carrots (saving the 
juice) and extracting the pulp with about two liters of boiling distilled 
water. The total volume of juice and extraction water was two liters. 
This liquid was saturated with calcium sulfate and 2% of agar agar was 
added. This was autoclaved at 15 uponds steam pressure for 20 minutes. 
About 50 cubic centimeter portions of this medium were transferred 
to each of 28 Kolle flasks. These were then rather heavily plugged with 
cotton and autoclaved for another 20 minutes. Slants of carrot agar were 
made in 28 test tubes at the same time. After cooling and solidification of 
the agar had taken place, the Kolle flasks were inoculated evenly over the 
surface by the use of sterile ·swabs. One Kolle flask was used for each of 
the 28 cultures of the spore-forming yeasts. The slants of carrot agar 
were also inoculated with the same cultures. The Kolle flasks and tubes 
were incubated for 17 days, when numerous spores were demonstrated by 
making spore stains of the cultures which were grown in the tubes. The 
yeast growths on the surface of the Kolle flasks were scraped off by means 
of a hoe-shape Moncl metal tool which had previously been sterilized in 
a flame. The scrapings were all mixed together in a sterile evaporating 
dish and dried at 45°C in a vacuum oven. After drying, the spores were 
ground up in an agate mortar under aseptic conditions and screened to pass 
a 200 mesh sieve. The dry weight of the mixture of the 28 yeast spore 
cultures was 3.9289 g. A count of 72,000,000 per gram was obtained by 
plating out a small portion. In order that the same initial contaminations 
rnight be readily obtained in this series of experiments, the spore mixture 
was diluted with 9 times its weight of sterile powdered lactose and thor-
oughly mixed. 
The technique of disinfection was briefly as follows: placed 100 cubic 
centimeters of the sirup density desired into a 3-necked, round-bottomed 
Pyrex flask of 200 cubic centimeters capacity, a one-hole cork was fitted with 
a suitabel stirring rod and placed in the middle neck of the flask. The other 
two necks were plugged with cotton. This flask was then sterilized in a steam 
autoclave at 15 pounds of steam pressure for 20 minutes. Following this, 
the flask was immersed in a DeKhotinsky water bath which had pre-
viously been regulated to the proper temperature. The stirring rod was 
connected to a motor and set in motion. After allowing it to remain in 
the bath for about 30 minutes, the contents of the flask would be at the de"-
sired temperature. Then one cubic centimeter of a 10% suspension (1.0 g. 
in 10 c.c.) of the spore mixture was added to the sirup by means of a 
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capillary pipette, taking care not to contaminated the sides of the neck. 
At stated intervals, 5 cubic centimeters of the sirup were withdrawn with 
a sterile pipette and put into 45 cubic centimeters of serile malt extract 
broth. C-0unts were obtained on wort (Difeo) agar by plating duplicate 
one centimeter and 0.1 cubic centimeter portions of this broth, and incu-
bating for 48 hours at 25 to 28°C. 
The initial count was obtained by inoculating 100 cubic centimeters of 
sterile tap water with 1.0 c.c. of the yeast spore-suspension, using the same 
capillary pipette as was previously employed. After thorough shaking to 
insure an even distribution, a 5 cubic centimeter portion of this was trans-
f eired to 45 cubic centimeters of the malt extract broth. One cubic centi-
meter and 0.1 cubic centimeter quantities of this broth were plated out. 
Thus the count on the one cubic centimeter plate should represent the 
initial count for one cubic centimeter of the broth which had received 5 
cubic centimeters of sirup, since the same dilutions had been made in 
both cases. 
Smears were prepared and examined from colonies on the plates when 
the survivors numbered a dozen or less per plate. This was to insure that 
contamination had not occurred and that the survivors were actually 
yeasts. The flasks of broth were incubated for 4 days and observed at the 
encl of 2, 3, and 4 days for turbidity and sediment. This was designed to 
serve as a check on the plating process. The sediment from the last turbid 
flask in a series was always examined to determine whether or not the tur-
bidity was due to yeasts. . 
Owen11 says that the sterilizatfon temperatures to which sirups are 
preheated in canning vary inversely with the volume of the cans. He 
·gives temperatures varying from 71°C. to 81°C. for Number 10 to 11/z 
cans, but gives no hint as to the length of time that elapses after the sealing 
of the can until the sirup cools down. The required temperatures vary in-
versely with the size of the cans because the larger cans will cool more 
slowly. In regard to the heat resistance of Saccharomyces zopfii Owen12 
says that a temperature of 90°C. for 10 minutes was insufficient to effect 
complete sterilization. He further adds that, while the resistance of the 
yeast to high temperature does not vary directly with the density of the 
solution in which it is grown, it does seem to retain its power of fermenta-
tion more persistently when subjected to such temperatures in thick sirup 
than in more dilute solutions. 
McKelvey1 states that, in general, the higher the concentration of 
sugar the longer was the time required to kill the yeast spores under ex-
amination. ' ' 1 i· '''I··~ 
Since Owen5 found a temperature of 90°C. to be insufficient for steril-
ization, several runs were made at 100°C. Results typical of the several 
runs are shown in Table I. It will be noticed that the higher the concen-
tration of sugar in the sirups, the longer was the time required to kill the 
yeast spores which had been inoculated. As samples were removed in 5 
cubic centimeter quantities, counts are given in terms of this unit. 
Detailed data are given in Table II for the death rate of the yeast 
spores in the 36° Bau.me sirup. From these data the curves on Plate I were 
constructed. 
The sudden decrease in the first two minutes is explained by the fact 
that th(l spore mixture contained quite a few vegetative cells. These are 
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TABLE I. TIME REQUIREO TO KILL 99.9% OF YEAST SPORES IN SIRUPS 
AT A TEMPERATURE OF 100°C. 
Density of sirup 
Distilled water 
24 ° Baumli sirup 
30° Baumli sirup 
36° Baumli sirup 
Concentration 
Sucrose ex-






Time required to kill 





Inoculum 36,000 per 5 c.c. of sirup. 
less resistant than the spores. After the vegetative cells have been killed, 
the death rate increases more or less regularly for the rest of the experi-
ment. Extrapolation at the same rate of death between 20 and 30 minutes 
as was shown between 10 and 20 minutes shows 28 minutes as the time 
for the killing of 99.9% of the yeast spores. In general, the velocity of the 
death rate is a constantly increasing one after the first initial drop has 
occurred. 
The time of killing may be a function of the aµiount of moisture as well 
as the temperature. These yeast spores apparently cannot absorb as much 
water from a 36° Baume sirup (nearly a saturated sucrose solution at room 
temperature) as from the less concentrated sirups or distilled water. Dry 
sterilization invariably requires a higher temperature or a longer period 
of exposure than does moist sterilization. These .may serve as explanations 
of the fact that the spores in the more concentrated sirups are more resist-
ant to the influence of high temperatures than the spores in the less con-
centrated sirups. 
Preliminary experiments showed that yeast spores could not be readily 
killed at 70°C. Exposures for 60 minutes in distilled water showed about 
one-third of the spores still survived. The sirups seemed to exert a slight 
protective action on the spores, the more concentrated sirups having a 
greater per cent of survivors than the less concentrated ones. 
In order to reduce the time of sterilization for concentrated sucrose 
sirups, a small amount of acid was added to the 36° Baume sirup. One 
cubic centimeter of a 7.074 normal solution of citric acid was added per 
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36° Baumli sirup (Sp. Gr. at 20;20°C.=1.3303). 
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100 cubic centimeters of sirup (equivalent to the manufacturer's one ounce 
of 50% citric acid solution per gallon of sirup). At 100°0. no growth 
was obtained after 2 minutes exposure. This is in contrast with the 28 
minutes required to sterilize the same sirup without the addition of acid. 
B. Viability in Alkali Solutions. 
The preparation of the dried yeast spores was that described in the 
preceding section. 
The solutions of alkalies used were of sodium hydroxide and of a com-
mercial alkali consisting of a mixture of sodium hydroxide and sodium 
carbonate. The commercial alkali will be designated as Alkali A. 
The sodium hydroxide solutions were freed of their carbonate content 
by being made up in a 50% stock solution. Sodium carbonate is practically 
insoluble in this concentration of sodium hydroxide. After cooling, the 
·solution was filtered through a Gooch crucible, using a pad of asbestos 
which had previously been prepared according to the Munson-Walker 
method for gravimetric sugar determinations. This filtered sodium hydrox-
ide solution was then diluted with freshly boiled distilled water until its 
titration value showed it to be at the concentration which was desired. 
The solutions of Alkali A were made up from a stock solution of ap-
proximately 5% strength. The titration value of this was determined, 
using methyl orange as the indicator, and the proper dilutions were made 
with carbon dioxide-free water. 
Table III shows the titrtaion values of both the sodium hydroxide and 
Alkali A solutions. Titrations weer made with 0.2519N HCl using phe-
nolphthalein and methyl orange as indicators. 
Essentially the same method of procedure was followed in this series of 
experiments as in the sterilization of sirups. One hundred cubic centi-
meters of alkali solution were substituted for the sirup. Forty-five cubic 
centimeters of a sterile acid solution were substituted for the 45 cubic 
centimeters of malt extract broth. Each flask of this acid solution con-
tained a drop of methyl orange solution and sufficient acid to neutralize 
5 cubic centimeters of the alkali solution which it was to receive. If the 
indicator showed that the end-point had not been reached after the addition 
of the 5 cubic centimeters of alkali solution, neutralization was completed 
with a drop or two of a sterile 1 % sodium hydroxide solution. One cubic 
TABLE III. TITRATION VALUES OF ALKALI SOLUTIONS. 
Alkali 1% Alkali cal-~ Titration values 
culated as cc. 0.2519N HCl 
NaOH =5 cc. alkali 
I I P .P.• M.O.* 
NaOH 1.0% 4.95 5.00 
NaOH 2.0% 9.90 10.00 
NaOH 3.0% 14.70 14.89 
NaOH 4.0% 19.65 19.90 
Alkali A 1.0% 3.45 4.96 
Alkali A 2.0% 6.88 9.91 
Alkali A 3.0% 10.37 14.80 
Alkali A 4.0% 14.10 19.93 
*P.P. = phenolphthalein used as indicator. 
*M.O. =methyl orange. 
G. Na.co, IG. NaOH per 
per 100 cc. 100 cc. solu-
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centimeter quantities from these flasks were plated out in duplicate, using 
the wort agar described in the previous section. The initial count was ob-
tained in the same manner as previously outlined and the sa,me precau-
tions were taken to insure that the colonies on the plates (when only a few 
were left) were yeasts. 
Duplicate runs were made at temperatures of 50°C., 60°0., and 70°0. 
At 50°0., 2%, 3%, and 4% solutions of both Alkali A and NaOH were 
used. At 60°0., 2%, 3%, and 4% solutions of Alkali A and 1 %, 2%, 
and 3% solutions of sodium hydroxide were used. At 70°0., 1 % and 2% 
solutions of Alkali A and a 1 % solution of NaOH were used. Distilled 
water was also run for a comparison. 
Table IV gives the time in minutes required to kill 99.9% of the yeast 
spores when exposed to the action of the different alkali solutions at 50°, 
60° and 70°0. It will be noticed that the time required to kill 99.9% 
of the yeast spores may be reduced either by increasing the concentration 
of the alkali or by increasing the temperature. It is also apparent that it 
takes somewhat less than twice the concentration of Alkali A to be as 
effective at any given temperature as it does of the sodimn hydroxide solu-
tion. In other words, the germicidal efficiency of the sodium carbonate 
content is less than that of an equivalent amount of sodium hydroxide. The 
germicidal efficiency of a sodium carbonate and sodium hydroxide mix-
ture, however, is greater than can be accounted for by its sodium hydroxide 
content alone. 
TABLE IV 
Alkali solution % Alkali calcu- l Temperature •c. 
lated as NaOH · 
NaOH j 2% 50 NaOH 3% 50 NaOH 4% 50 Alkali A 2% 50 
Alkali A 3% 50 
Alkali A 4% 50 
NaOH 1% 60 
NaOH 2% 60 
NaOH 3% 60 
Alkali A 2% 60 
Alkali A 3% 60 
Alkali A 4% 60 
NaOH 1% 70 
Alkali A 1% 70 
Alkali A 2% 70 
I 
Time in minutes re-














less than 2 
less than 2 
less than 2 
Plate II at 50°0. and Plate III at 60°0. show the rates at which the 
yeast spores are killed. Fro,m these curves the per cent of surviving yeast 
spores in any of the alkali solutions after different periods of time may be 
estimated. The large initial drop in the count during the first two min-
utes which was commented upon in Plate I is again quite apparent in 
Plate II, although not so noticeable in Plate III. 
Levine, Buchanan and Lease12 show data and curves for the death 
rate of a spore-forming bacterium. Disregarding the rapid initial drop 
which occurs in the first two minutes, there is a striking similarity in the 
general shape of the curves obtained by plotting the logarithm of the per 
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Pla.te II. 
cent of survivors against time. Both of these series show a death rate 
velocity which increases as the time of exposure is increased. The rates 
of death clearly do not follow the rates for monomolecular chemical reac-
tions for in that event a straight line would be obtained upon plotting the 
logarithm of the per cent of survivors against time. In other words, there 
would be a constant death rate; these data show a death rate which in-
creases with increasing time of exposure. 
The rate of killing yeast spores in distilled water at 70°0. was de~ 
termined for the sake of comparison with those of the alkali solutions. 
Table V shows the per cent of surviving yeast spores after different lengths 
of time. It shows 46.2 % of the spores to be surviving at the end of 30 
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Plat III 
minutes exposure to a temperature of 70°C. in distilled water. This agrees 
with results obtained in the sterilization of sirups where it was found 
that one-third to one-fourth of the number of yeast spores originally pres-
ent were alive at the end of an exposure for 60 minutes at 70°C. in dis-
tilled water. The slight fluctuation in the per cent of survivors may be 
accounted for by the breaking up of clumps of yeast spores into smaller 
clumps or individual cells, when subjected to soaking combined with con-
stant stirring. 
TABLE V. SHOWING THE PER CENT OF SURVIVING YEAST SPORES IN 
DISTILLED WATER AT 70°C. 
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1. At the temperatures observed (60-100°C.), the greater the concen-
tration of sucrose in the sirup, the longer was the time required to kill 
yeast spores. 
2. The time for sterilization of sirups inoculated with yeast spores 
may be materially reduced by the addition of acid to the sirup. 
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3. A temperature of 100°C. for 28 minutes was sufficient to sterilize 
a 36° Baume sirup. In actual practice the sterilization may be effected 
by bringing the sirup to a boil and boiling for 5 minutes. If citric acid 
is added in the proportion of 1 c.c. of a 7.074 normal solution to 100 c.c. of 
sirup, sterilization may be effected by bringing the sirup to a boil. 
4. Exposure to a temperature of 70°C. in distilled water for an hour 
was not sufficient to kill dried yeast spores. 
5. The time required for killing 99.9% of the yeast spores in wash-
ing solutions may be reduced either by (a) increasing the concentration of 
alkali or (b) raising the temperature. 
6. Sodium hydroxide at a given concentration and temperature has 
a greater germicidal efficiency than a chemically equivalent solution of a 
mixture of sodium hydroxide and carbonate at the same temperature. The 
ger,micidal efficiency of a sodium hydroxide-carbonate mixture is greater 
than can be accounted for by the sodium hydroxide content alone. 
7. There is little likelihood of bottles being the source of yeast con-
tamination if a 2% sodium hydroxide or a 3% alkali A solution is used in 
the bottle washing process at a tempertaure of 60°C. with a period of con-
tact amounting to 5 minutes. 
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In addition to changes in bottled carbonated beverages caused by 
microorganisms, the manufacturer is concerned with a chemical change. 
The sucrose of beverages which are stored for any length of time undergoes 
a slow inversion catalyzed by the acid of the beverage. This is one of the 
principal changes which takes place in the aging of ·ginger ales1-a practice 
which is said to mellow them. The inversion which occurs has also been 
named as the cause of "off-flavor" in beverages which were stored for a 
considerable period of time before being consumed. 2• 3 The invert sugar 
w;hich is produced by the decomposition of the sucrose is less sweet than 
the sucrose from which it is formed, different investigators evaluating its 
sweetness at 78 to 95 on the basis of sucrose as 100.4 • 5 • 6 
There seems to be some disagreement concerning the sweetness of levu-
lose6, values having been reported ranging from 103 to 150. Spengler and 
Traegel7 assign a value of 108 for its sweetness, which is in good agree-
ment with Paul's value8 of 103.3. Bates9 on the contrary agrees quite closely 
with Deerr10 and Sale and Skinner on a sweetness value near 150 for levu-
lose. These same workers agree more closely on the sweetness value for 
dextrose, assigning it a sweetness of 50 to 60 on the same basis. No matter 
which values of sweetness are taken, an artificial invert sugar made from 
equal parts of dextrose and levulose would be less sweet than an equivalent 
quantity of sucrose. This loss of sweetness caused by inversion is sufficient 
to account for the change of taste of beverages upon long storage. 
The hydrolysis of sucrose has been a much investigated subject, but, 
unfortunately, nearly all of the work has been done with dilute solutions 
of sucrose and at low temperatures. The primary object has been to in-
vestigate the mechanism of the reaction rather than the production of a 
large amount of invert sugar. Caldwell11 gives a rather complete bibli-
ography up to 1906 on the hydrolysis of sucrose. 
Spencer12 studied the effect of citric, tartaric, phosphoric, and sul-
furic acids on the rate of inversion of sucrose. She gives a review of the 
literature up to and including 1925. Spencer worked with sucrose and 
acid solutions at the concentrations in which they are found in the fin-
ished beverage. She concludes that (1) in a given solution, increasing the 
concentration of sucrose increases the velocity of the reaction to a small ex-
•A thesis submitted in partial fulfillment of the requirements for the Degree Doctor 
of Philosophy, Iowa State College. 
••This work was made possible through a Fellowship granted by the American 
Bottlers of Carbonated Beverages to Iowa State College. 
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tent. (2) For tartaric, citric, and phosphoric acids the rate of reaction 
decreases as the reaction proceeds until a point of equilibrium is reached. 
This point of equilibrium depends for a given acid with a definite con-
centration of sucrose upon the pH of the solution. (3) For a given pH 
and a given concentration of sucrose the rate of reaction varies with the 
kind of acid, being considerably greater for phosphoric acid than for citric 
or tartaric acids. Tartaric acid inverts slightly faster than citric acid, but 
the difference is scarcely appreciable. 
Many workers 13• 14• 15• 16• 17• 18• 19 have attempted to apply the general 
equation for a unimolecular reaction to the hydrolysis of sucrose by using 
empirical formulae or by substituting activities instead of concentrations 
for sugar and hydrogen ion. Assumptions have also been made that the 
sucrose molecules were hydrated with five, six or more molecules of water. 
Pennycuick20 studied the reaction and determined k ( unimolecular). He 
found that k made a steady increase during the inversion process and con-
cluded that the decrease in water content and the increase in H activity 
during inversion are sufficient to explain the steady increase in the value 
of k. Scatchard21 says that uncertainty aJS to the activity of the H ion in 
solutions containing sucrose makes inconclusive the attempts to determine 
the mechanism of the inversion process by fitting the rates of reaction 
quantitatively with formulae containing these activitie.s. Even the differ-
ence between the change of liquid junction potential with fl.owing and with 
stationary junction a.mounts to 11 % in the hydrogen activity between 0 
and 700 grams of sucrose per liter, while the change in the water activity 
in this range is less than 9%. Obviously the number of mols of water that 
enter into the reaction cannot be accurately determined. 
Since very few of these investigators worked with sucrose solutions 
concentrated enough to be called sirups and much of the foregoing work 
was inapplicable because it was done at such a low temperature that in-
version took place only slowly, it was decided to use citric and tartaric 
acids in the concentrations usually employed in flavored sirups and to use 
a temperature near to the boiling point of the sirup. 
The sucrose used in this series of experiments was a highly refined cane 
sugar with a moisture content of 0.028%. A solution of 26 grams of this 
sugar, when made up to 100 cubic centimeters volume with distilled water, 
gave a reading of 99.9 on the saccharimeter (200 mm. tube) at 20°0. 
The citric and tartaric acids used were of the O.P. grade. No further 
purification was made. A 7.074 normal citric acid solution and a 6.553 
normal tartaric acid solution were made up and used since the addition of 
one cubic centimeter of these acid solutions to 100 cubic centimeters of 
sirup would maintain the same ratio of acid to sugar as the manufacturer 
of carbonated beverages uses in preparing his flavored sirups--( one ounce 
of 50 % citric or tartaric acid solution per gallon of sirup). 
A small constant temperature oil-bath was made from a hot-plate, 
asbestos boards, a six quart aluminum pan, and a DeKhotinsky bimetallic 
electric the11mo-regulator. A fluctuation from the temperatures desired of 
0.2°C. was observed as the maximum divergence. More frequently the 
temperature was maintained with a fluctuation of 0.1°0. or less. 
Sirups were prepared by weighing the proper amount of sucrose re-
quired for the particular sirup desired, transferring this to a calibrated 
volumetric fl.ask and making up to volume at 20°0. with distilled water. 
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Heat was required for the complete solution of the sucrose in the more con-
centrated sirups. 
Two hundred cubic centi,meters of sirup were transferred to a 3-
necked, 400 c.c. round-bottomed Pyrex flask, which was fitted with a motor 
stirring device through the middle neck. One of the other necks was fitted 
with a thermometer and cork, while the other neck was closed with a cork. 
The flask was immersed in the bath until it had reached the desired tem-
perature. Then the acid was added with a pipette through the third neck 
of the flask. The motor stirrer functioned continuously throughout each 
experiment. At stated intervals, a quantity of sirup was withdrawn from 
the reaction flask and transferred to calibrated 50 c.c. volumetric flasks 
which contained enough sodium hydroxide solution to neutralize the acid 
which was contained in the sirup. The transfer pipette was rinsed each 
time with distilled water into the volumetric flask in order to eliminate the 
factor of varying ajffiotmts of drainage due to different densities of sirups. 
The transfer pipette which was used in all of the hydrolysis experiments 
was found to contain 9.933 cubic centimeters of liquid when calibrated 
at 100°0. 
The 50 c.c. flasks which contained sufficient sodium hydroxide solution 
to neutralize the acid were placed in a pan of cracked ice so that the tem-
perature might be reduced suddenly to further aid in stopping inversion. 
The contents of the flasks were made up to volu.me at 20°0. and polarized 
in a 200 mm. tube using a Schmidt and Haensch single-wedge saccharime-
ter. The saccharimeter tube was a jacketed one, fitted with a thermometer 
so that the temperature of the solution under examination was known at 
all times. All sacharimeter readings were made at 20°0. The initial 
reading was obtained by withdrawing some sirup which had been brought 
up to temperature in a separate container in the same oil bath. This was 
transferred to a 50 c.c. volumetric flask to which had previously been added 
equivalent quantities of sodium hydroxide and citric or tartaric acid in 
amounts corresponding with the other flasks of the experiment. This was 
to compensate for any effect which the sodium citrate or tartrate might 
have on the polarization.22 
The results of the experiments are given in the following tables num-
bers I to XII inclusive. Values of k were obtained by the use of equations 
based on Guldberg and Waage's law of mass action, which states that the 
reaction velocity, or rate of change of concentration, must be proportional 
to the concentration of each of the reacting substances. The reaction which 
takes place upon the hydrolysis of sucrose is the formation of one molecule 
of dextrose and one molecule of levulose for each molecule of sucrose de-
composed. The equation 
012H22011 + H20 --- OaH120e + OaH120a 
sucrose dextrose levulose 
empirically expresses the change which occurs. It will be seen that a mole-
cule of water enters into the reaction for each molecule of sucrose decom-
posed. Because the concentration of water changes so little compared to 
that of the sucrose the assumption is usually made that the concentration 
of water is constant (at least for dilute solutions). The k for a unimolecu-
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lar reacion is customarily used to express the rate of reaction for sucrose 




where '' t'' is the time in minutes and ''a'' is the initial concentration of 
sucrose and "x" is the concentration changed at time "t ". Very close 
agreement in the values of "k" at different times throughout the course of 
the reaction is not to be expected since the simplifying assumption, that 
the water does not appreciably change in concentration, is in error when 
the equation is applied to concentrated solutions. 
The per cent of sucrose remaining unchanged at time "t" was calcu-
lated as follows: 
reading at time "t"-final reading 
% sucrose= X 100 
total change in reading 
When numerical values of the saccharimeter readings at any time are sub-
stituted in the above equation, it yields a value for (a-x) or the per cent 
sucrose remaining unchanged. The initial concentration of sucrose, "a", 
may be used by taking 100 as its numerical value. The equation for cal-
culating "k" then becomes 
2.3026 
k=-- (2.000 - log% sucrose) 
t 
Table I for the hydrolysis of 900 grams of sucrose per liter at 100°C. 
by citric acid in the concentration stated is given below. Samples of the 
calculations of k and the per cent of sucrose remaining are given below. 
TABLE I. SHOWING HYDROLYSIS AT 100°C. OF 90 g. SUCROSE BY 1 c.c. 
7.074 N CITRIC ACID IN 100 c.c. SIRUP. 
Flask I Time of Sac cha- % sucrose Log of% k k' 
number I hydrolysis rimeter remain- sucrose 
in min- readings Ing remain-
utes ing 
0 0 67.3 100 2.0000 
--········ ----------
1 2 42.5 71.9 1.8567 0.1650 0.1650 
2 4 23.3 50.l 1.6998 0.1728 0.1806 
3 6 8.05 32.8 1.5159 0.1858 0.2117 
4 8 -2.1 21.3 1.3284 0.1933 0.2159 
5 10 -8.1 14.5 1.1614 0.1931 0.1923 
6 13 -14.3 7.48 0.8739 0.1995 0.2207 
7 16 -17.9 3.40 0.5315 0.2113 0.2628 
8 19 -19.0 2.16 0.3345 0.2018 0.1512 
9 22 -19.98 1.04 O.ol 70 0.2075 0.1828 
10 26 -20.9 0 .......... 
----------
11 30 -20.9 0 
------·-·· 
O • O OO OH O O ........... 
Ave. k= Ave. k'= 
l 0.1922 0.1981 
Sp. Gr. at 20°c.;20°c. = 1.3343. 
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Calculations of the per cent sucrose remaining and k are given for 
the 8 minute interval. 
- 2.1 - ( -20.9) 18.8 
% sucrose= X 100 = --X 100 = 21.3 % . 
67.3 - ( - 20.9) 88.2 
2.3026 2.3026 
k=-- (2.0000 - log 21.3) =-- (2.0000 - 1.3284) = 0.1933. 
8 8 
Values of kin parenthesis in any of the following tables were not used 
in the evaluation of the average k. 
TABLE II. SHOWING HYDROLYSIS AT 100° OF 80 g. SUCROSE BY 1 c.c. 














I Time of hy-1 Saccharime-1 % Sucrose I Log of % I drolysis in ter read- remaining j Sucrose re-



























































TABLE III. SHOWING HYDROLYSIS AT 100° C. OF 70 g. SUCROSE BY 1 c.c. 














Time of hy- \ Saccharime-, % Sucrose I Log of % \ 
drolysis in ter read- remaining Sucrose re-
minutes ings maining 
0 53.6 100.0 2.0000 
5 21.1 52.2 1.7177 
10 -1.3 19.4 1.2878 
15 -9.3 7.57 0.8791 
I 
20 -12.9 2.28 0.3579 
25 I -13.65 1.17 0.0682 
-30 -14.1 0.51 1.7076 
35 -14.4 O.G7 2.8451 
40 -14.45 0 
45 -14.45 
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TABLE IV. SHOWING HYDROLYSIS AT 100°c. OF 60 g, SUCROSE BY 1 c.c. 
7.074N CITRIC ACID IN 100 c.c. SIRUP. 
Flask I Time of hy-1 Saccharime- % Sucrose I Log of % I k 
number drolysis in ter read- I remain- I Sucrose re-minutes ings ing I maining 
0 0 44.1 I 100.0 I 2.0000 
1 2 27.4 71.0 1.8513 0.1712 
2 4 13.7 47.4 1.6758 0.1866 
3 6 3.9 30.4 1.4829 0.1984 
4 8 -2.25 19.8 1.2967 0.2024 
5 10 -6.6 12.3 1.0899 0.2096 
6 13 -10.0 6.4 0.8062 0.2115 
7 lG - ·12.0 2.94 0.4683 0.2204 
8 19 -12.9 1.38 0.1399 0.2254 
9 22 -13.15 0.95 T.9777 0.2117 
10 26 -13.6 0.17 l.2305 0.2452 
11 30 -13.7 0.0 
Ave. k= 
0.2082 
Sp. Gr. at 20°c.;20°c. = 1.2264 
TABLE V. SHOWING HYDROLYSIS AT 100°C. OF 40 g, SUCROSE IN 1 c.c. 
7.074N CITRIC ACID IN 100 c.c. SIRUP. 
Flask l Time of hy- I Saccharime-1 % Sucrose Log of % I k 
number drolysis in I ter read- remain- sucrose re-
minutes ings ing maining 
0 I 0 30.2 100.0 2.0000 1 5 6.4 39.3 1.5944 0.1872 
2 10 4.0 12.77 1.1062 0.2058 
3 15 -7.2 4.60 0.6628 0.2053 
4 20 -8.5 1.28 0.1072 0.2179 
5 25 -8.6 1.02 0.0086 0.1834 
6 30 - 8.95 0.13 T.1139 0.2215 
7 35 -8.95 0.13 I.1139 0.1899 
8 40 -8.95 0.13 T.1139 0.1661 
9 45 -9.00 0.0 
Ave. k= 
0.1971 
TABLE VI. SHOWING HYDROLYSIS AT 100°C. OF 80 g. SUCROSE BY 2 c.c. 
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TABLE VII. SHOWING HYDROLYSIS AT 100°C. OF 80 g. SUCROSE BY 1 c.c. 













drolysis in ter read- I remain I Sucrose re-I Time of hy-1 Saccharime-1 % Sucrose I Log of % I 
minutes ings I ing [ maining 
0 I 60.3 100.0 2.0000 
2 35.0 67.2 1.8274 
4 13.1 38.7 1.5877 
6 0.9 22.8 1.3579 
8 - 7.1 12.47 1.0959 
10 -:-11.3 7.02 0.8463 
13 - 14.5 2.86 0.4564 
16 - 15.9 1.04 o.oi 70 
20 -16.7 0.0 
-······· I 25 -16.7 0.0 ··-···--
I I 














TABLE VIII. SHOWING HYDROLYSIS AT 100°C. OF 8 g. SUCROSE BY 2 c.c. 











I Time of hy-1 Saccharime-1 % Sucrose I Log of % I drolysis in ter read- remain- sucrose re-
minutes ings ing [ maining 
I 0 59.8 100.0 2.0000 2 20.4 48.8 1.6884 
i 1 -2.3 19.5 1.2900 6 - 11.7 7.27 0.8615 8 - 15.4 2.47 0.3927 
10 - 16.5 1.04 0.0170 
13 -17.3 0.0 
--------
16 -17.3 0.0 
···--··· 











TABLE IX. SHOWING HYDROLYSIS AT 30°C. OF 80 g . SUCROSE BY 1 c.c. 
7.074N CITRIC ACID IN 100 c.c. SIRUP. 
Date 
F eb. 3. 1927 
F eb . 5 
Feb. 7 
F eb . 10 
F eb. 13 





!Time of hy-, Sacchari-1 
Time ldrolysis in meter read-
days • ings 
I 
I 9:19 A. M., 0 60.3 I 
1
9: 54 A. M. 2.03 46.1 
3: 31 P. M., 4.25 36.0 
10: 23 A. M. 7.04 23.25 
4: 31 P. M. 10.30 13.0 
2:12 P. M., 14.21 2.7 
2: 50 P. M. 22.23 -6.2 
1:44 P. M.I 29.19 -12.4 
3.13 P. M. 51.25 -16.2 
8: 3o P. M.1 41.97 -16.1 
% sue- I Log of %1 
rose re- I sucrose 
maining remain-
ing 1 
100.0 I 2.0000 I 
81.4 1.9106 
68.3 I 1.8344 







Sp. Gr. at 20°C./20°=1.3023. 











A STUDY OF THE PREPARATION OF SIRUPS-II 51 
TABLE x. SHOWING HYDROLYSIS AT 30°C. OF 80 g. SUCROSE BY 2 c.c. 
7.074N CITRIC ACID IN 100 c.c. SIRUP. 
Date 








































I Time of I Sacchari- % Sue- I Log of % Time hydrolysis meter ro~e _re-, sucrose k 
J in days [ readings ma1nmg remain ( x 10-• 
ing 
I 9:26 A. M. 0 I 60.3 I 100.0 I 2.000 I --------9:56 A. M. 2.03 41.4 I 76.1 1.8814 (9.35) 3:32 P. M. 4.25 28.0 I 59.1 1.7716 8.59 
10:25 A. M. 7.04 13.1 I 40.3 1.6053 8.91 4:33 P. M. 10.3 3.6 28.2 1.4502 6.54 
2:15 P . M. 14.2 -5.2 17.1 1.2330 8.64 
2:52 P. M. 22.23 -13.3 6.84 0.8351 8.40 
1:46 P. M. 29.19 --16.5 2.79 0.4456 8.52 
8:32 A. M. 41.97 -18.7 0.0 ........ 
--------
3:15 P. M. 51.25 -18.7 I Ave. k= 8.60 x I I I I 10-• 
Sp. Gr. at 20°c.;20°c. = 1.3023. 
SHOWING HYDROLYSIS AT 90° OF 80 g. SUCROSE BY 1 c.c. 
7.074N CITRIC ACID IN 100 c.c. SIRUP. I Time of hy-1 Saccharime-1 % Sucrose Log of % I 
drolysis in ter read- remain- sucrose re-1 k 
minutes I ings ing maining 
~ 0 I 59.8 100.0 2.0000 5 37.7 71.5 1.8543 0.0671 10 20.4 49.2 1.6920 0.0709 
I 
15 7.8 33.0 1.5185 0.0738 
20 -0.3 22.75 1.3570 0.0740 
25 -6.4 14.7 1.1673 0.0767 
30 -10.3 9.66 0.9850 0.0779 
35 -12.9 6.32 0.8007 0.0789 
40 -14.9 3.74 0.5729 0.0821 
50 -16.9 1.16 0.0645 0.0891 
60 -17.7 
\ 
0.13 l.1139 ( 0.1109) 
70 -17.8 0.0 
Ave. k= 
I 0.0767 
Sp. Gr. at 20°c.;20°c. = 1.3012. 
SHOWING HYDROLYSIS AT 90°C. OF 80 g. SUCROSE BY 1 c.c. 
6.553N TARTARIC ACID IN 100 c.c. SIRUP. 


































Sp. Gr. at 20°c.;20°c. = 1.3007. 
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A comparison of the values of k in any of the tables will show that, in 
general, k increases as the i·eaction progresses. This is in agreement with 
the results of Pennycuick20, but it disagrees with the conclusions of Spen-
cer.12 However, there seems to be little uniformity in the increase in value. 
Plate I shows the curve obtained by plotting the logarithm of the per cent 
of sucrose remaining against time from data in Table I. The broken line 
is the best straight line which can be drawn through these points. From 
the position of the points with reference to this line it appears that the re-
action approaches that of a monomolecular one as a limit. The slope of 
the broken line is equal to 0.2114, which is the value of k for the ideal 
monomolecular reaction corresponding to these data. 
If the value of k is calculated from point to point of the curve in-
stead of from the initial concentration of ,sucrose each time, there seems 
to be more fluctuation ink. Values of k figured in this way are given in 
the column headed k' in Table I. k', since it is calculated from point to 
point of the curve, is subject to wider fluctuation than the k calculated 
by the usual method, since small experimental errors will cause a greater 
change from the average. If the k values are always based on the initial 
concentration, the fluctuations will not be as great. 
A probable reason for the increasing value of k as the reaction pro-
gresses is to be found in the water content. In the sirup considered in 
Table I, there are 900 grams of sucrose as compared to about 434 grams of 
water. In terms of mols there are 2.63 mols of sucrose and 24.0 mols of 
water originally. After hydrolysis has occurred, since each iffiolecule of 
sucrose causes the disappearance of one molecule of water, there will be a 
2.63 
--X 100=10.9% decrease in the concentration of the water present. 
24.0 
This reduction in solvent should partially explain, at least, the tendency 
for the rate of reaction to increase as the hydrolysis progresses. 
The concentration of sucrose, in the experiments described in Tables 
I to V, was varied from 900 grams to 400 grams per liter. Increase in the 
concentration of sucrose from 400 to 600 grams per liter causes an increase 
in the value of the average k. For concentrations of sucrose between 600 
and 900 grams per liter, there is no regularity to the effect on the rate of 
reaction caused by an increase in the concentration of sucrose. No general 
statement can be made concerning the effect of increasing the concentra-
tion of sucrose upon the rate of reaction. 
Osaka23 has shown that the inversion of sucrose by acids is incomplete 
in high concentrations although it ,may be regarded as complete in dilute 
solutions. For a sirup consisting of 800 grams of sucrose per liter of sirup, 
he says inversion is 98.9% complete when using a mineral acid for inver-
sion at 25°0. Osaka considers that it is very probable that in a concen-
trated solution a reversion of sucrose from its hydrolytic products takes 
place. 
Determination of the amounts of invert sugar in equilibrium mixtures 
by the Munson-Walker gravimetric Fehling's method24 before and after in-
version by the Tucker25 method showed inversion to be about 97.5% com-
plete for sirups originally containing 800 grams of sucrose per liter. It is 
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not surprising that the equilibrium point is not the same as that reported 
by Osaka since he used mineral acids in his inversion process while citric 
and tartaric acids were used in these studies. 
Sale and Skinner4 say that complete inversion was not obtained in a 
30° Baume sirup when tartaric acid was used. They report an inversion 
of 96 % when 0.021 % by weight of tartaric acid crystals (99.5%) based 
on the weight of sugar and water taken, is added to a 30° Baume sirup 
which was subsequently boiled for 40 minutes. The addition of 0.013% 
of hydrochloric acid followed by boiling for 20 minutes was sufficient to 
cause practically complete inversion. 
Jordan26 gives directions for the preparation of co;mmercial invert 
sugar sirups. On a 1000 pound producing basis, he advises the use of 750 
pounds of sucrose, 250 pounds of water (about 30 gallons), and 10 ounces 
of tartaric or 13 ounces of citric acid crystals. The whole mixture is heated 
at incipient boiling for 30 minutes. Jordan claims 98% completeness of 
inversion for this process. 
Ruehe27 advises the use of 50 grams (about 1.76 ounces) of tartaric 
acid crystals with 100 pounds of sucrose and 45 pounds of water. This 
should be boiled for 30 to 35 minutes. He makes the statement that in-
vert sugar is sweeter than the sucrose from which it is prepared and ad-
vises the preparation of invert sugar as an economy measure for ice creaµi 
manufacturers. References have previously been cited to show that he was 
in error in his statement regarding the sweetness of invert sugar. 
In the preparation of invert sugar sirups the time of boiling may be 
reduced by increasing the concentration of acid. If large quantities of 
the invert sugar sirup are to be prepared, steam-jacketed kettles are gen-
erally used. Since it takes ten to fifteen minutes of heating in the average 
steam kettle to bring its sirup contents to the boiling temp.erature, much 
inversion would be accomplished in that time. Then by boiling for 5 min-
utes, the inversion would be completed or equilibrium attained. The boil-
ing points of concentrated sirups may be as high as 115°C. Calculations 
made with the aid of the van 't Hoff isochore using data from Tables VII 
and XII showed 5.5 minutes as the time for 99 % completeness of inver-
sion at 110°C. 
In a previous paper, number I of this series, data have been given 
which show that sterilization of sirups to which acid has been added will 
have been effected in less than 5 minutes at the boiling temperature. Obvi-
ously, if the production of an invert sugar sirup is desired, it will also be 
sterilized simultaneously. 
SUMMARY 
1. Simultaneous inversion and sterilization of sucrose sirups may be 
advantageously accomplished by the addition of one cubic centimeter of 
7.074 N citric or 6.553 N tartaric acids per 100 cubic centimeter quantities 
of sirup followed by heating the sirup to the boiling point and continuing 
the boiling process for 5 minutes. 
2. Complete inversion is not reached when citric acid or tartaric acids 
are used to invert concentrated sucrose sirups. An equilibrium occurs 
when about 97.5 % of complete inversion has taken place in concentrated 
sirups. 
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3. The monomolecular reaction k is not a constant for the hydrolysis 
of sucrose sirups. In general, k increases as the hydrolysis progresses. 
4. No general statement can be made concerning the effect of increas-
ing the concentration of sucrose upon the rate of reaction for concentra~ 
tions of sucrose greater than 600 grams per liter. The rate of inversion 
in~reases slightly with increasing concentration of sucrose up to 600 
grams per liter. 
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The canning industry of the middle western states experiences sporadic 
and costly losses from a blackening of canned sweet corn known in the trade 
as "sulphur stinker" spoilage. The condition is characterized by the pro-
gressive development of a marked blackening of the kernels, particularly 
of the germs, and the evolution of a nauseating odor of hydrogen sulphid 
gas. It is distinct from spoilage known as "metallic" or "chemical" 
blackening, a condition affecting principally the heads and seams of the 
cans, and is readily differentiated from the latter by the appearance and 
uniform distribution of the blackened germs throughout the contents. The 
sulphur stinker condition is readily recognized and is not easily confused 
with other types of spoilage. 
Outbreaks of the trouble occur sporadically in a cannery and gener-
ally involve a substantial part of the season's pack; in several instances 
the entire pack for the season has been so heavily contaminated that salvage 
was impracticable. T.he evidence is also strongly in favor of the view that 
the cause of sulphur stinker spoilage in sweet corn is identical wtih that of 
a similar spoilage occurring in canned peas. .At least, the microorganism 
which we have shown to be responsible for sulphur stinker spoilage in 
sweet corn attacks canned peas, producing a condition very similar to that 
occurring in sweet corn. 
The incidence of spoilage among the cans of a contaminated pack gen-
erally runs high. No accurate information covering a large number of 
outbreaks is available, although the losses involved in several outbreaks 
occurring in Iowa have been heavy. In 1919 an Iowa cannery lost prac-
tically its entire pack of sweet corn for the season, while in 1925 another 
Iowa cannery experienced a very heavy infection in a two days' pack. 
The- present studies were carried out on a pack in which the incidence of 
spoilage among the cans was estimated at 25 percent, while the 150 cans 
examined from this pack, although known to be heavily infected, gave an 
incidence of 55 percent . 
.An individual spoiled can is referred to as a "sulphur stinker". The 
appearance of such a can is normal; there is no swelling, bulging or spring-
ing. In fact, the can loses little or none of its vacuum. The sulphur 
stinker judged by its appearance cannot be differentiated from the normal 
can of sweet corn. Detection of the spoilage depends, therefore, upon an 
examination of the contents. 
Upon opening the sulphur stinker, one notices an odor of hydrogen 
sulphid and observes floating in the blue-grey liquid numerous separated 
germs blackened by the action of the sulphid on the iron salts in the germ. 
That the blackening is due to a sulphid of iron would seem to be demon-
strated by the potassium ferrocyanide and potassium thiocyanate tests for 
iron which indicate the presence of iron salts in the corn germ. The odor 
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given off by the sulphur stinker is that only of hydrogen sulphid gas, and 
the presence of a putrefactive odor is not discernable. 
It is of interest to note that the corn examined was prepared "Maine 
style" or "cream style" as it is sometimes known. This method of prepara-
tion, in which the scrapings from the cob are added to make a product of 
creamy consistency, permits of the presence of numerous broken germs, a 
condition we have found conducive to the development of the blackening. 
"Maryland style" corn, in which only the whole kernels are used, is much 
more resistant to the development of the blackening. 
Certain difficulties in the detection of sulphur stinker spoilage and 
the inability of the canner to determine the presence of the organism caus-
ing the trouble increase the losses. The development of the individual 
spoiled cans is irregular; under ordinary temperatures occurring after 
processing some cans develop the sulphur stinker condition over-night, while 
others require as long as two or three weeks. This w:ith the fact that there 
is no external evidence of spoilage increases the difficulties of ·detection and 
salvage. At the present time there is no satisfactory or practicable method 
of salvaging the unspoiled cans in a contaminated pack. Puncturing the 
cans near the head and determining the effect of the expelled gas upon 
moist lead acetate paper has been tried, but the method has been found to 
be expensive and time consuming. 
With the cause of sulphur stinker spoilage established, it is possible 
that satisfactory methods of detecting the presence of the organism respon-
sible may be developed, which will serve to indicate foci of infection in the 
plant. Such methods would be particularly applicable should it prove 
impracticable to control the development of the organism by adequate cool-
ing and maintenance of the corn in storage at sufficiently low temperatures. 
The present investigation constitutes a study of the bacteriology of 
sulphur stinker spoilage. It involves the isolation, classification and tenta-
tive naming of the organism responsible for the spoilage; the physiological 
and cultural characteristics of the organism and possible methods of con-
trol based upon these characteristics are considered in some detail. The 
habitat of the organism and its bearing on the ability of the organism to 
gain access to the corn are considered, as is the effect of the organism on a 
number of canned vegetables. 
We have found no record of studies on sulphur stinker spoilage in the 
literature. 
MATERIAL AND METHOD 
The experimental part of this investigation is based upon a study of 
twelve cases of twenty-four cans each of sweet corn of an Iowa cannery 
taken from a pack which was known to be heavily infected during the 1926 
season. The incidence of spoilage among the 12 cases as determined by an 
examination of 150 cans taken at random was 55 percent. The corn used 
by this company was Country Gentleman, purchased from farmers in the 
vicinity of the cannery and prepared "Maine style" of medium consistency. 
The method used in preparing the canned corn is as follows : The 
corn is husked upon a wood slat conveyor, the ears then pass on this con-
veyor, are transferred to a steel conveyor and in turn a.re again transferred 
to a steel bucket elevator in which they are elevated to the third floor of the 
cannery. This bucket elevator discharges into a galvanized iron chute, 
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through which the ears fall upon a rubber belt. This rubber belt conveys 
the ears past the sorters, who sort out the defective and mature ears and 
make a separation of the ears for the purpose of grading the corn into 
fancy and standard grades. The standard corn is then diverted into a 
wooden crib. This crib is kept well protected by hard ,white paint. The 
cut corn is discharged into a galvanized screw conveyor, which conveys the 
corn to the mixing tank. This mixing tank is made of copper and heavily 
tinned. From the upper mixing tank the corn falls to a lower tank, which 
is of similar construction. From this it is passed into a regular Sprague-
Sells Filler. 
All the equipment used at this plant, with the exception of the slat 
conveyor in the husking shed, was installed new for the 1926 season. All 
of it may be termed modern sanitary cannery equipment. 
The cans are filled at a temperature which insures an initial tempera-
ture of 160°Fahr. (71°0.), followed by processing at 245°Fahr. (118°0.) 
for 70 minutes. 
The cooling system employed is known as the "slat conveyor cooling 
tank" method. The cans to be cooled are dumped from crates in whieh 
the cans were processed and passed through the canal on the conveyor run-
ning at the bottom of the tank. 
The storage temperature will vary from 90° to 130° F. (32° to 54° C.) 
in the individual cases during the first week to ten days after packing. The 
corn then gradually cools to the prevailing atmospheric temperature during 
the fall months. In the winter months the storage rooms are heated in 
order to prevent freezing of the corn. 
Several of the experimental .cans were incubated at 37° C. and at 55° C. 
for long periods, but no changes were observed. 
Each can was carefully examined for defects before opening, washed 
and the top flamed while the can was held inverted. The can opener was 
likewise sterilized. 
When the spoiled cans were opened there was a strong odor of hydro-
gen sulphid. The contents varied in color from a bluish-grey to black, 
depending upon the extent of spoilage. Loose blackened corn germs floated 
on the surface of the grey liquid. The inside tin of the cans was blackened 
in the more severe cases. Determinations made on 15 spoiled and 5 un-
spoiled cans gave a pH of 6.3 to 6.4 for both sets. 
Details of the experimental methods employed will be given under 
experimental results. 
EXPERIMENTAL 
The characteristics of sulphur stinker spoilage suggested that micro-
organisms were responsible for . the trouble. It was first determined that 
the condition could be transmitted from can to can by inoculating five cubic 
centimeters of spoiled corn into unspoiled corn and incubating at 55° C. 
The condition did not occur when the temperature of incubation was 30° C. 
and developed slowly at 37° C. Even with an incubating temperature of 
55° C. the development of sulphur stinker spoilage was exceedingly irregu-
lar. Growth appeared to be better in corn which had been heated for sev-
eral minutes at 100° C. before being inoculated. Some of the inoculated 
tubes developed a typical sulphur stinker condition within 24 hours, where-
as others developed it only after two or three weeks. Some of the tubes in 
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varia1bly failed to show any signs of spoilage even after a month's incuba-
bation. However, the typical spoilage was transmitted through numerous 
transfers, which strengthened the belief in the biological cause of the 
trouble. 
Microscopic examination of the spoiled corn from the original cans 
revealed very few organisms. Occasionally a gram positive rod and what 
appeared to be spores were observed scattered widely over the slide prepara-
tions. The gram positive rods and the oval spores were the only forms 
found in the spoiled cans. Microscopic examination of young cultures in-
oculated from the original cans revealed gram positive rods from 3 to 6 
micra long and 0.5 micron in diameter with rounded ends .and subterminal 
oval spores which hardly swelled the vegetative cells. Young cultures 
rev.ealed- the organism as motile. The motility suggested peritrichous 
flagellation. Flagella were not demonstrated by staining methods. 
Motility was difficult to demonstrate due apparently to the fact that it 
occurs in young cultures and during certain stages of growth only. The 
vegetativ.e cells themselves showed a marked ability to stain granularly. 
From one to six gram positive spherical granules were often observed in 
24 hour cultures which had been incubated at 55° C. Young spores re-
tained th.e gram stain; older spores failed to take the gram stain .. 
Several cultures of the organism were isolated from the original cans 
of spoiled corn by anaerobic methods. These were repeatedly purified by 
cultural methods. 
Considerable difficulty has been experienced in preparing a medium 
which would consistently furnish a luxuriant growth of the organism. 
Numerous formulae for media suitable t~ the growth of anaerobes were 
tried, but none was found to produce a growth markedly superior to that 
of the rest. Beef heart infusion agar adjusted to pH 7 .2 was finally chosen 
as one of the stock media. To the basic media was g.enerally added 0.1 per-
cent ferric chloride to produce a mor.e marked blackening of the medium. 
The organism has remained fastidious in its choice of a medium and one is 
never quite certain that a transfer will develop. It has shown an aversion 
toward growing on the surface of media and it was only after the inocu-
lated medium.had been covered by a heavy layer of petrolatum and incu-
bated in an atmosphere of hydrogen that isolated surface colonies were 
obtained. It has seemed to us that oxygen relationships played a very im-
portant part in the success of the culture. Beef heart infusion agar plates 
inoculated heavily and incubated at 55° C. in an atmosphere of hydrogen 
have failed to produce growth; the pyrogallic acid and sodium hydroxide 
method was likewise unsuccessful. On the other hand, shake cultures in 
beef heart infusion gave good colony growth as indicated by the black-
ening of the medium around the colony, although microscopic examination 
of these colonies revealed relatively few organisms present. Growth in 
capillary tubes filled with beef heart infusion agar was successful in isolat-
ing colonies of the organism. In all cultural studies boiling the medium 
for a period of time before inoculation gave better results. This charac-
teristic of the organism was first noticed in thermal death determinations. 
It was repeatedly observed that tubes of medium which had been heated 
for long periods of time showed the most rapid growth. 
Although some dozen cultures of the organism from different cans were 
isolated, accurate information has been obtained on only four cultures. 
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All grew on a variety of media under suitable conditions. These conditions 
were not easily determined and not consistently duplicated. A medium of 
finely ground peas (200 grams), dibasic potassium phosphate (1 gram), 
ferric chloride (trace), water ( 1 liter), and adjusted to pH 7 .2 proved to 
be a good medium and was used for one set of cultures. 
PHYSIOLOGICAL CHARACTERISTICS OF THE ORGANISM RESPONSIBLE 
FOR SULPHUR STINKER SPOILAGE 
Action on carbohydrates, glucosides and alcohols. The sulphur stinker 
organism did not attack any of 28 sugars, alcohols or glucosides with the 
production of acid or acid and ·gas. The following substances were used 
in beef heart infusion and the tests rep.eated in the pea medium: glucose, 
sucrose, lactose, raffinose, arabinose, xylose, levulose, maltose, galactose, 
mannose, rhamnose, trehalose, melezitose, adonitol, inositol, dulcitol, erythri-
tol, perseitol, arabitol, sorbitol, glycerol, inulin, dextrin, salicin, amyg-
dalin, esculin, glycogen and starch. The organism is strictly non-saccharo-
lytic. 
A .. ction on gelatin and serum· The organism is only feebly proteolytic. 
Gelatin was not liquefied nor was serum digested. Cystine was attacked 
with the production of hydrogen sulphid. Gelatinolysis was determined 
by two methods. Frazier's (1926) method was modified as follows in 
order to use it for this organism: beef heart infusion agar was prepared 
containing the infusion from 50 grams of beef heart per liter, 0.4 percent 
gelatin and a trace of ferric chloride. The medium was inoculated at 
45° C. and drawn into capillary tubes to harden. It was then incubated at 
55° C. until the colonies had developed. Long periods of incubation were 
required with this medium. The core of agar, containing colonies, was 
then blown into an acid solution of bichloride of mercury (1 :500). The 
presence of a clear zone around a colony would indicate decomposition of 
the gelatin at least as far as the peptone stage. The width of the zone 
would be indicative of the amount of liquefaction. Essentially the same 
procedure was repeated, substituting 1 percent tannic acid for the bichloride 
solution. 
Gelatinolysis was also determined by incubating cultures of the organ-
ism at 55° C. in beef heart infusion agar containing 12 percent gelatin. 
Cultu:res were removed at intervals and cooled to determine liquefaction, 
but none was observed during one month's incubation. 
Upon Loeffler's blood serum, inoculated, covered with petrolatum and 
incubated at 55° C., colonies developed, but the:re was no olbservable diges-
. tion of the medium. 
Upon von Hi'bler's (1924) brain medium the colonies were small, 
round and black. 
Indol was not produced as determined by growth in pea medium or 
beef heart infusion using the paradimethylamidobenzalhedyde test to indi-
cate indol. 
Reduction of nitrates. Nitrates were not reduced to nitrites. Beef 
heart infusion and pea medium with 0.1 percent potassium nitrate were 
inoculated, incubated at 55° C. for one, two and three days and tested for 
the presence of nitrites. · 
' 
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Growth temperature relationships. The sulphur stinker o,rganism is 
a true thermophile growing at an optimum temperature of 55° C., a maxi-
mum of 65° or 70° C. and a minimum of 30° C . . Tubes containing 30 c.c. 
of beef heart infusion agar were inoculated with 5 c.c. each of a culture 
of the organism and six tubes were incubated at each of various tempera-
tures: Growth at 50° and 55° C. occurred over-night; at 37° and at 45° C. 
growth occurred during 48 hours; at 60° and 65° C. growth was meager, 
while at 70° C. there was rarely development. 
Thermal death times. The time required to kill the spores of the or-
ganism at a definite temperature is of particular importance to the canning 
industry. 
Our results consistently showed that eight hours' exposure at a tem-
perature of 100° C. was required to destroy the spores of . the organism at 
pH 7.0. Heated at 118° C. the organism survived 50 minutes at pH 7.0 
'and 40 minutes at pH 6.3. In processing at 118° C. for 70 minutes, the 
interior of the can reaches a maximum temperature of approximately 
115° C. (239° Fahr.). Fig. 3 was kindly furnished us by Mr. W. H. Har 
rison, Director of the Research Dept. of the Continental Can Company. It 
is apparent that the processing could not be expected to destroy the sulphur 
stinker organism. Many canneries process at 121° C. (250° Fahr.). At 
this temperature the organism survived 35 minutes heating at pH 7.0 and 
25 minutes at pH 6.3. The processing temperature could not be raised in 
order to destroy the organism since it would have to be raised considerably 
and this would lead to undesirable flavors in the product. 
The thermal death times were determined as an index of the resist-
ance of the organisms to heat effects. The time required to kill equal num-
bers of organisms is a measure of the resistance of the organism to heat 
effects. The thermal death times were determined in the following man-
ner: One cubic centimeter of a centrifuged pea medium culture of the 
organism adjusted to the desired pH and diluted so as to contain approxi-
mately 8,000,000 spores, was sealed in a thin glass test tube. Centrifuging 
was regulated so as to throw down particles of pea material in the medium, 
but not the organisms. The sealed ampoules containing 1 c.c. of the cul-
ture were brought to a temperature of 65° C. in order to reduce the time 
required to bring them up to the killing temperatures. They were then 
placed in the salt water or oil bath at the temperature desired. A motor 
stirrer circulated the brine or oil. Duplicate tubes were removed after defi-
nite intervals, plunged into cold water, then inoculated into pea medium 
or beef heart infusion medium and incubated at 55° C. Table 1 gives the 
results of an experiment. 
pH range of growth. The optimum growth of the organism occurred 
at pH 7.2, with the minimum at pH 5.8 and the maximum at pH 7.6. 
Beef heart infusion agar adjusted at intervals of 0.2 pH value from 
pH 5.0 to pH 8.0 was heavily inoculated at 45° C. and drawn into capillary 
tubes, allowed to harden and incubated at 56° C. Below pH 5.8 and 
above pH 7.6 the organism failed to grow. The optimum lay near pH 7.2. 
Pathogenicity. The organism was not pathogenic when ingested by 
man, guinea pig, mouse, rat or rabbit. Introduced parenterally into the 
guinea pig, mouse, rat or rabbit the organism produced no general symp-
toms or cutaneous lesions. As much as 5 c.c. of pea medium cultures were 
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introduced intraperitoneally into raJbbits, guinea pigs and rats; mice re-
ceived one cubic centimeter injections. 
Production of agglutinins. In a study of anaerobes Le Clainche and 
Morel (1901) found that the injection of bacilli into animals generally led 
to the production of agglutinins. Since then the agglutination reaction 
has been found of consideraible value in the differentiation of anaerobes·. 
Clostridium welchii and Clostridium tertium are apparently exceptions in 
that the use of their sera has not given agglutination reactions. 
Preparation of a satisfactory antigen for the macroscopic agglutination 
when injected into rabbits. The animals were injected intraperitoneally 
with one cubic centimeter of pea medium culture every fourth day until 
four such injections had been made. The animals were bled 10 days after 
the last injection. 
Preparation of a satisfactory antigen for the microscopic agglutination 
test was impracticable because of the few organisms present in the culture. 
The microscopic test was therefore resorted to. Agglutination was ob-
served in a 1 to 500 serum dilution. Specificityatests were not attempted 
at this time. 
Classification and nomenclature of Clostridium nigrificans. Cultural 
and morphological characteristics of the organism responsible for sulphur 
stinker spoilage place it in the genus Clostridinm. Bergey (1925) charac-
terizes the genus as ''anaerobes or microaeroppiles, often parasitic rods, 
commonly enlarged at sporulation and producing clostridial or plectridial 
forms." 1 
Search of the literature has failed to reveal a description of an organ-
ism having the characteristics of the one responsible for sulphur stinker. 
spoilage. Von Hibler (1908) described a group of sporulating anaerobes 
with oval terminal spores. This group is probably the nearest approach 
to the sulphur stinker organism. He designated these forms as group IX, 
but ma.de no exhaustive study of them. Mcintosh (1917-1918) described 
several strains which conformed in general to Von Hibler's gTOUp IX. His 
type III-C most closely resembles the sulphur stinker organism. Douglass, 
Fleming and Colebrook (1920) in an unpublished report to the Medical 
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Research Council, gave the name Bacillus cochlearitts to Mcintosh 's type 
III-C organism. 
According to Mcintosh, Bacillus cochlearius is a sporulating bacillus 
frequently found in war wounds. It is an actively motile, slender rod, 
variable in length and having a tendency to give up the gram stain. The 
spores are strictly terminal and oval when fully developed, giving the 
organism a spoon-shape appearance. 
From the description of Bacillus cochlearius available it appears that 
it is a mesophile. Furthermore, the inability of B. cochlearius to produce 
hydrogen sulphid or blackening of brain media serves to differentiate B. 
cochlearius from the sulphur stinker organism. Neither organism has 
l"abr. 
20 60 80 100 1 0 min. 
Fig. 3. Heat penetration curve of No. 2 can of corn. 
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saccharolytic properties and neither liquefies gelatin or coagulates blood 
serum. 
Considerable confusion exists in the literature regarding the classifi-
cation of the anaerobes and it is not the intention to add to it. On the 
other hand, it would seem that the differences pointed out are of suffi-
ciently basic character to warrant giving specific rank to the organism. The 
name Clostridium nigrificans is proposed. 
Ability of CZostridium nigrificans to pro<luce spoilage in various 
canned vegetables. It would seem of value to know the effect of Clostridium 
nigrificans when introduced in pure culture form into various canned vege-
tables. 
The ability of the organism to produce a condition in canned peas 
similar to sulphur stinker spoilage in canned corn has been noted. Peas are 
uniformly blackened if the seed covering is broken ; if the covering is not 
broken, blackening is slow to develop. Relatively few crushed peas in a can 
will allow darkening of the contents. The blackening of peas is more 
marked than in the case of sweet corn. Ground peas afford a favorable 
medium for the growth of the organism. In Table 2 are given the results 
of inoculating pure cultures of Clostridfom nigrificans into various canned 
vegetables as they are purchased in the market, and with the pH adjusted 
to 7.0. The effect of adding an iron salt is also shown. From these results 
it would seem that canned peas and sweet corn offer the only opportunities 
for the development of spoilage. The acidity is the controlling factor in 
the case of many canned vegetables. Hominy and Bean Hole Beans pro-
duce a colony growth in which a few black colonies develop with no ten-
dency to spread or cause a general blackening appearance. The methods 
of preparing these two vegetables would probably preclude sulphur stinker 
spoilage. 
Habitat of Clostridium nigrificans. Repeated attempts have been made 
to determine the somce of the organism with the point in mind that pos-
sibly contamination in the cannery could be prevented. If the source of con-
tamination were restricted to the sugar used in canning or to certain types 
of soil, the probability of avoiding contamination by suitable precautions 
would be enhanced. 
Numerous samples of sugar, soil and manure were collected and ex-
periments run to determine whether or not the sulphur stinker organism 
was present. The difficulty of always isolating Cl. nigrificans from a sample 
of material is to be appreciated. Each sample was suspended in distilled 
water and boiled for four hours in order to reduce the number of other 
organisms present. Heavy inoculations of each sample were then made 
into pea medium and beef heart infusion agar. The latter was drawn into 
capillary tubes, allowed to cool and incubated at 55° C. for long periods. 
Blackened colonies were isolated and their identity determined. Clos-
tridi1lm nigrificans has been in this ma:nner isolated from field soil and 
horse manure, but its presence is either exceedingly rare or the technic of 
isolation faulty, since three isolations have been made out of 60 attempts, 
32 on soil, 24 on manure and 14 samples of sugar. The organism was not 
isolated from any of the samples of sugar, although it is possible that had 
further examinations been made isolation of the organism would have been 
successful. 
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SUMMARY 
Our studies have shown that a thermophilic, sporulating, heat resist-
ant anaerobe is responsible for the blackening occl,lrring in canned sweet 
corn known as sulphur stinker spoilage. A study of the cultural and 
-physiological characteristics of the organism indicates that it is an unde-
scribed form to which the name Clostridium nigrficans has been proposed. 
The ablity of the organism to withstand the effects of heating makes 
processing ineffective in its control. We must therefore look to other 
methods. The fact that the organism is a thermophile offers the possibility 
of control by adequate cooling methods. Whether control of sulphur 
stinker spoilage by cooling would be commercially feasible will have to be 
determined. Another suggested method of control lies in the prevention of 
contamination in the plant by avoiding the use of raw materials harboring 
the organism and by locating any foci of infection within the plant and the 
eli,mination of these foci. 
The effect of Clostridium nigrificans in causing spoilage in various 
canned vegetables has been pointed out and its importance in the case of 
peas has been emphasized. 
Further studies on the source of the contamination are desirable in 
view of the possibility of avoiding bringing the organism into the cannery. 
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PLATE I 
Fig. 1.. Sulphur stinker spoilage in "Maine style" canned sweet corn. 
Fig. 2. Effect of the sulphur stinker organism on canned peas. 
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